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What is X17 boson? 
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~400 citations, 𝟖𝑩𝒆 anomaly, a new light neutral boson

The Atomki experiment
 [Quanta Magazine]
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arXiv:1608.03591v2

FIG. 1.1. The proton beam collides the target lithium nuclear to 
produce the !𝐵𝑒∗ state, which subsequently decays into the !𝐵𝑒 
ground state. This further breaks down into an electron-positron 
pair whose opening angle and invariant mass are measured. 

The Atomki experiment 
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arXiv:1608.03591v2

FIG. 1.1. The proton beam collides the target lithium nuclear to 
produce the !𝐵𝑒∗ state, which subsequently decays into the !𝐵𝑒 
ground state. This further breaks down into an electron-positron 
pair whose opening angle and invariant mass are measured. 

The Atomki experiment 

§ Hadronic decay 𝐵𝑅 ∼ 1

Standard Model

"𝐵𝑒∗ → 	$𝐿𝑖 + 𝑝

"𝐵𝑒∗ → 	"𝐵𝑒 + 𝛾

§ Electromagnetic decay 𝐵𝑅 ∼ 1.5×10%&

§ Internal pair creation 𝐵𝑅 ∼ 5.5×10%"

"𝐵𝑒∗ → 	"𝐵𝑒 + 𝛾∗ → 	"𝐵𝑒 + 𝑒'𝑒%

Internal Pair Creation Correlation (IPCC), where
the nuclear emits a virtual photon which then
decays to an 𝑒#𝑒$ pair.

P. Schluter, G. Soff, and W. Greiner,
Physics Reports 75 no. 6, (1981).
D. R. Tilley et al., Nucl. Phys. A745 (2004).  

M. E. Rose, Phys. Rev. 76 (1949).
..

𝛾∗

ICHEP 2024
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𝑚! = 16.7 ± 0.35 (stat) ± 0.5 (sys) MeV
𝐵𝑅 	"𝐵𝑒∗ → 𝑋 + 	"𝐵𝑒
𝐵𝑅 	"𝐵𝑒∗ → 𝛾 + 	"𝐵𝑒

×𝐵𝑅 𝑋 → 𝑒$𝑒% = 6 ± 1 ×10%&

FIG. 1.3. Invariant mass distribution derived for the 
18.15MeV transition in !Be.

IPCC

FIG. 1.2. Experimental angular 𝑒"𝑒#pair correlations 
measured in the $𝐿𝑖 𝑝, 𝑒"𝑒# reaction at 𝐸% = 1.10𝑀𝑒𝑉 

A. J. Krasznahorkay et al. [Atomki] (2016) 

ICHEP 2024
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𝟒𝑯𝒆 anomaly, X17 boson

𝑝 + )𝐻 → *𝐻𝑒∗ 	→ *𝐻𝑒+ + 𝑒'𝑒%

𝟏𝟐𝑪 anomaly, X17 boson

𝑝 + ..𝐵 → ./𝐶∗ 	→ ./𝐶+ + 𝑒'𝑒%

A. J. Krasznahorkay et al. [Atomki] (Oct 2019) A. J. Krasznahorkay et al. [Atomki] (Nov 2022) 
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𝑯∗ → 𝑯𝒆'𝒆%The decay: here, 𝐻∗is vector meson𝑠 with spin−parity 1$

𝐻 is pseudoscalar meson𝑠 with spin−parity 0$

PDG (S. Navas et al., Phys. Rev. D 110, 030001 (2024))

𝜸∗ 𝑝%
𝐻∗

𝐻

𝑒8

𝑒9

𝑝0∗

𝑝0

𝑞

𝑝'

FIG.1.1: Feynman diagram for intermediate photon

𝑝%
𝐻∗

𝐻

𝑿 𝑒8

𝑒9

𝑝0∗

𝑝0

𝑞

𝑝'

FIG.1.2: Feynman diagram for intermediate X boson

Meson name 𝑯∗ 𝑯 Quark content 𝒎𝑯∗ [MeV] 𝒎𝑯 [MeV]

D mesons

𝐷∗+ 𝐷+ 𝑐@𝑢 2006.85 ± 0.05 1864.84 ± 0.05

𝐷∗' 𝐷' 𝑐�̅� 2010.26 ± 0.05 1869.66 ± 0.05

𝐷2∗' 𝐷2' 𝑐�̅� 2112.2 ± 0.4 1968.35 ± 0.07

Charmonium 𝜓 2𝑆 𝜂3(1𝑆) 𝑐 ̅𝑐 3686.097 ± 0.011 2984.1 ± 0.4

𝝓 meson 𝜙(1020) 𝜂 𝜙 𝑠�̅�  and 𝜂 454'6 76%/2 ̅2
9

1019.461 ± 0.016 547.862 ± 0.017

ICHEP 2024
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2. X17 hypothesis (vector case)

𝜀4 ⋍ ±3.7×10%)

Based on data of 8𝐵e anomaly, • Based on data of "𝐵𝑒, *𝐻𝑒 and ./𝐶 anomalies.

• "𝐵𝑒 scattering : no isospin effects, isospin 
mixing, isospin mixing & breaking.

2016 2023

𝜀4 ≃ 0.5 − 0.9 ×10%)

𝜀6 ≃ 2.5 − 2.9 ×10%)𝜀6 ⋍ ∓7.4×10%) 

Quark Coupling Constants 𝜺𝑸, 𝜺𝒒 
ℒ% &,( = 𝜺𝑸𝑋* '𝑄𝛾*𝑄 + 𝜺𝒒𝑋* '𝑞𝛾*𝑞

J.L.Feng et al. Phys. Rev. Lett. 071803 (2016) P.B.Denton, J.Gehrlein, Phys. Rev. D 015009 (2023)

a “protophobic”.

𝜀, and 𝜀-  have different signs:

ICHEP 2024

𝒎𝑿 =  16.85 ± 0.04 MeV𝒎𝑿 =  17 MeV
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2. X17 hypothesis (vector case)

𝑹𝒆𝒆
𝑽?𝜸,𝑿 =

𝛤C 𝐻∗ → 𝐻𝑒'𝑒%

𝛤 𝐻∗ → 	𝐻𝛾

Meson name 𝑯∗ 𝑯 Quark content 𝒎𝑯∗ [MeV] 𝒎𝑯 [MeV]

D mesons

𝐷∗$ 𝐷$ 𝑐7𝑢 2006.85 ± 0.05 1864.84 ± 0.05

𝐷∗% 𝐷% 𝑐�̅� 2010.26 ± 0.05 1869.66 ± 0.05

𝐷&∗% 𝐷&% 𝑐�̅� 2112.2 ± 0.4 1968.35 ± 0.07

Charmonium 𝜓 2𝑆 𝜂'(1𝑆) 𝑐 ̅𝑐 3686.097 ± 0.011 2984.1 ± 0.4

𝝓 meson 𝜙(1020) 𝜂 𝜙 𝑠�̅�  and 𝜂 ((%))*+&&
,

1019.461 ± 0.016 547.862 ± 0.017

FIG.2.1: Feynman diagram for photon intermediate FIG.2.2: Feynman diagram for X boson intermediate FIG.2.3: Feynman diagram for a real photon

𝛤 𝐻∗ → 𝐻𝛾 =
𝛼./
3 𝐹0∗01

2 0 𝑝13ℳ 𝐻∗ → 𝐻𝑒#𝑒$ = 𝑒2𝐺0∗04 𝑞2 𝜖*567𝑙*𝜖0∗
5 𝑝0∗

6 𝑝0
7

𝑞'𝐺(∗() 𝑞' = 𝐹(∗() 𝑞' 𝑞' −𝑚*
' + 𝑖𝑚*𝛤* 𝐺(∗(* 𝑞' = 𝜀+𝐹(∗(* 𝑞'

𝑝$
𝑯∗

𝑯

𝑒$𝑝0∗

𝑝0

𝑝# 𝑒#

𝑿 𝑝$
𝑯∗

𝑯

𝑒$𝑝0∗

𝑝0

𝑝#

𝐹(∗() 𝑞' 𝐹(∗(* 𝑞'

𝑯∗

𝜸

𝑯

𝐹(∗() 0𝜸∗

ICHEP 2024
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2. X17 hypothesis (vector case)

𝑹𝒆𝒆
𝑽?𝜸,𝑿 =

𝛤C 𝐻∗ → 𝐻𝑒'𝑒%

𝛤 𝐻∗ → 	𝐻𝛾 = Z
X'()
*

X'+,*

ℱC 𝑞/ × ℛ 𝑞/ / 𝑑𝑞/

with

ℛ 𝑞2 =
𝐹0∗04 𝑞2

𝐹0∗01 0

ℱ1 𝑞2 =
𝛼./
3𝜋

1
𝑞2 1 +

2𝑚8
2

𝑞2 1 −
4𝑚8

2

𝑞2
𝜆 ⁄3 2 𝑚0∗

2 ,𝑚0
2 , 𝑞2

𝑚0∗
2 −𝑚0

2 3 ,

ℱ% 𝑞2 =
𝛼./
3𝜋

𝜀82𝑞2

𝑞2 −𝑚%
2 2 +𝑚%

2𝛤%42
1 +

2𝑚8
2

𝑞2 1 −
4𝑚8

2

𝑞2
𝜆 ⁄3 2 𝑚0∗

2 ,𝑚0
2 , 𝑞2

𝑚0∗
2 −𝑚0

2 3 ,

where 𝜆 𝑥, 𝑦, 𝑧 = 𝑥2 + 𝑦2 + 𝑧2 − 2𝑥𝑦 − 2𝑥𝑧 − 2𝑦𝑧 

: Transition Form Factor (TFF) Vector Meson Dominance (VMD)
P.Colangelo, F.De Fazio, G.Nardulli Phys.Lett. B316 (1993) 

FIG.2.1: Feynman diagram for photon intermediate FIG.2.2: Feynman diagram for X boson intermediate FIG.2.3: Feynman diagram for a real photon

𝛤 𝐻∗ → 𝐻𝛾 =
𝛼./
3 𝐹0∗01

2 0 𝑝13ℳ 𝐻∗ → 𝐻𝑒#𝑒$ = 𝑒2𝐺0∗04 𝑞2 𝜖*567𝑙*𝜖0∗
5 𝑝0∗

6 𝑝0
7

𝑞'𝐺(∗() 𝑞' = 𝐹(∗() 𝑞' 𝑞' −𝑚*
' + 𝑖𝑚*𝛤* 𝐺(∗(* 𝑞' = 𝜀+𝐹(∗(* 𝑞'

𝑝$
𝑯∗

𝑯

𝑒$𝑝0∗

𝑝0

𝑝# 𝑒#

𝑿 𝑝$
𝑯∗

𝑯

𝑒$𝑝0∗

𝑝0

𝑝#

𝐹(∗() 𝑞' 𝐹(∗(* 𝑞'

𝑯∗

𝑯

𝐹(∗() 0𝜸∗
𝜸
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2. X17 hypothesis (vector case)

𝑒9

𝑒:

𝑸
𝛾∗(𝑋) 

FIG. 2.4. The vector heavy quark current

HQET 

𝓘𝑸
𝝁 = 𝐷 𝑝; 5𝑄𝛾*𝑄 𝐷∗ 𝑝;∗, 𝜖;∗

= 𝑖 𝑚;∗𝑚; 𝜉 𝜐;∗ ⋅ 𝜐; 𝜖*5<=𝜖;∗5𝜐;∗<𝜐;=

𝑒- 𝜀-

𝑸

#𝒒 𝜌>, 𝜔, 𝜙 𝑒9

𝑒:

𝑒( 𝜀( 𝛾∗(𝑋) 

FIG. 2.5. The vector light quark current

𝓘𝒒
𝝁 = 𝐷 𝑝; 5𝑞𝛾*𝑞 𝐷∗ 𝑝;∗, 𝜖;∗

=Y
-

𝐷 𝑝. 𝑉 𝑞, 𝜂 𝐷∗ 𝑝.∗ , 𝜖.∗
𝑖

𝑞+ −𝑚-
+ 0 7𝑞𝛾/𝑞 𝑉 𝑞, 𝜂

𝒥1
* = 	𝑒 𝑒&𝓘𝑸

𝝁 + 𝑒(𝓘𝒒
𝝁

VMD 

D meson decays:

𝐷∗+ 𝑐@𝑢 → 𝐷+𝑒'𝑒%

𝒥%
* = 	𝑒 𝜀&𝓘𝑸

𝝁 + 𝜀(𝓘𝒒
𝝁  

𝐷∗' 𝑐�̅� → 𝐷'𝑒'𝑒%

𝐷2∗' 𝑐�̅� → 𝐷2'𝑒'𝑒%

�̂�

ICHEP 2024
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2. X17 hypothesis (vector case)

𝑒9

𝑒:

𝑸
𝛾∗(𝑋) 

FIG. 2.4. The vector heavy quark current

HQET 

𝓘𝑸
𝝁 = 𝐷 𝑝; 5𝑄𝛾*𝑄 𝐷∗ 𝑝;∗, 𝜖;∗

= 𝑖 𝑚;∗𝑚; 𝜉 𝜐;∗ ⋅ 𝜐; 𝜖*5<=𝜖;∗5𝜐;∗<𝜐;=

𝑒- 𝜀-

𝑸

#𝒒 𝜌>, 𝜔, 𝜙 𝑒9

𝑒:

𝑒( 𝜀( 𝛾∗(𝑋) 

FIG. 2.5. The vector light quark current

𝓘𝒒
𝝁 = 𝐷 𝑝; 5𝑞𝛾*𝑞 𝐷∗ 𝑝;∗, 𝜖;∗

=Y
-

𝐷 𝑝. 𝑉 𝑞, 𝜂 𝐷∗ 𝑝.∗ , 𝜖.∗
𝑖

𝑞+ −𝑚-
+ 0 7𝑞𝛾/𝑞 𝑉 𝑞, 𝜂

𝒥1
* = 	𝑒 𝑒&𝓘𝑸

𝝁 + 𝑒(𝓘𝒒
𝝁

VMD 

D meson decays:

𝐷∗+ 𝑐@𝑢 → 𝐷+𝑒'𝑒%

𝒥%
* = 	𝑒 𝜀&𝓘𝑸

𝝁 + 𝜀(𝓘𝒒
𝝁  

𝐷∗' 𝑐�̅� → 𝐷'𝑒'𝑒%

𝐷2∗' 𝑐�̅� → 𝐷2'𝑒'𝑒%

�̂�

ICHEP 2024
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§ VMD is based on the assumption of ideal mixing for vector mesons resonances : 𝜌> ,?,$- @-
2

, 𝜔 ,?,#- @-
2

, 𝜙 𝑠�̅� .

𝑭𝑫∗𝑫𝜸 𝒒𝟐 =
𝑚;∗

𝑚;

𝑒&
𝑚;∗

+
𝑒(

𝑚( 𝑞2
𝑭𝑫∗𝑫𝑿 𝒒𝟐 =

𝑚;∗

𝑚;

𝜀&
𝑚;∗

+
𝜀(

𝑚( 𝑞2
and with 𝒎𝒒 𝒒𝟐 = −P

𝒱

2 2𝑔𝒱𝜆
𝑓𝒱
𝑚𝒱
2 1 −

𝑞2

𝑚𝒱
2 .

G.L.Castro, N.Quintero, Phys. Rev. D 093002 (2021) 

§ The universality assumption of the X17 boson to quarks: 𝜺𝒖 = 𝜺𝒄 and 𝜺𝒅 = 𝜺𝒔 = 𝜺𝒃.
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2. X17 hypothesis (vector case)

Ø Charmonium decay: 𝜓 2𝑆 𝑐 ̅𝑐 → 𝜂3𝑒'𝑒%

ℛ;.</= 𝑞> =
𝐹;.</= 𝑞>

𝐹;.</? 0
= 𝜺𝒄×

𝐹;.</? 𝑞
>

𝐹;.</? 0

The VMD is used to explain the TFF ℛg.h/i 𝑞
/ , where the virtual 

photon effectively couples to the vector meson resonance.

The pole mass of the vector meson resonance Λg.h/ nears the energy 
scale of the decaying particle 𝜓 2𝑆 :

𝚲𝝍.𝜼𝒄 = 𝒎𝝍(𝟑𝑺) = 3773.7 ± 0.4 𝐌𝐞𝐕/𝒄𝟐.

=
𝜺𝒄

1 − /𝑞> 𝚲𝝍.𝜼𝒄
𝟐

𝜙(1𝑆) 𝑠�̅� → 𝑒' 𝑒%𝜂
𝑢@𝑢 + 𝑑�̅� − 2𝑠�̅�

6

ℛD<= 𝑞> =
𝐹D<= 𝑞>

𝐹D<? 0
=

𝟐
𝟔
𝜺𝒔×

𝐹D<? 𝑞>

𝐹D<? 0
=

𝟐
𝟔

𝜺𝒔
1 − /𝑞> 𝚲𝝓𝜼𝟐

with 𝚲𝝓𝜼 = 𝒎𝝓 𝟐𝑺 = 1680 ± 20 𝐌𝐞𝐕/𝒄𝟐. 

FIG.2.6: The VMD assumption for 𝜓 2𝑆 → 𝜂1𝑒$𝑒%

FIG.2.7: The VMD assumption for 𝜙 → 𝜂𝑒#𝑒$

Ø 𝝓 meson decay: 

𝑒%

𝑒'

𝜼𝒄

𝝍(𝟐𝑺) 𝜓(3𝑆)

𝛾∗

𝝓(𝟏𝑺)

𝜼

𝜙(2𝑆) 𝑒%

𝑒'

𝛾∗

ICHEP 2024
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3. Strengths of X17 couplings to light and heavy quarks 𝑅22 = 𝑅22! +𝑅22
3

§ The photon mediated contribution is in good agreement with 𝑅245 = 7.2%6.&$6." ×10%8. 

§ The reults from “VMD_2023” still somewhat consistent with the data in the decays 𝐷9∗$ → 𝐷9$𝑒$𝑒%. 

§ 𝑅22  in label “VMD_2016” is completely inconsistent with the data 𝑅245.

𝑫𝒔∗# → 𝑫𝒔#𝒆#𝒆$ 𝑐�̅�D meson decays: D. Cronin-Hennessy, et al. [CLEO Collaboration] (2012) 

ICHEP 2024



3. Strengths of X17 couplings to light and heavy quarks 𝑅22 = 𝑅22! +𝑅22
3

D. Cronin-Hennessy, et al. [CLEO Collaboration] (2012) 

G.L.Castro, N.Quintero, PhysRevD.103.093002 (2021) 

ICHEP 2024

D meson decays: 𝑫𝒔∗# → 𝑫𝒔#𝒆#𝒆$ 𝑐�̅�
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3. Strengths of X17 couplings to light and heavy quarks 𝑅22 = 𝑅22! +𝑅22
3

§ A significant difference exists between the experimental data and theoretical models in the decays 𝐷∗> → 𝐷>𝑒#𝑒$.

𝑫∗𝟎 → 𝑫𝟎𝒆#𝒆$ 𝑐5𝑢

remove the assumption of 𝜀, = 𝜀I and 𝜀- = 𝜀J.

D meson decays: M. Ablikim, et al. [BESIII Collaboration] (2021) 

§ To resolve this situation, we need to change the value of 𝜀I 

ICHEP 2024
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3. Strengths of X17 couplings to light and heavy quarks

M. Ablikim, et al. [BESIII Collaboration] (2021) D. Cronin-Hennessy et al. [CLEO Collaboration] (2012) 
M. Ablikim, et al. [BESIII Collaboration] (2022) 

M. N. Achasov et al. [SND collaboration] (2001) 

R. R. Akhmetshin et al. [CMD-2 collaboration] (2001) 

D. Babusci et al.  (KLEO-2 Collaboration) (2015) 

Fig. 3.3. 𝜀I , 𝜀J and 𝜀I , 𝜀,  are extracted from the data 
of D meson, Charmonium and 𝜙 meson decays. 

ICHEP 2024
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3. Strengths of X17 couplings to light and heavy quarks

FIG. 3.4. 𝜒/ method for three parameters 𝜀I , 𝜀J and 𝜀, estimated at 1𝜎 using four 
measurements from D meson, Charmonium and 𝜙 meson decays.

𝜀I = 0.016, 𝜀J = 0.0063, 𝜀I  and 𝜀J have opposite signs.

𝜀, = 0.052 or 0.058, 𝜀, ∝ 10$2
𝜒2 =N

KLM

N
𝑅KOP 𝜀I, 𝜀J, 𝜀, − 𝑅KQR

2

𝜎K2 (larger than 𝜀, determined from Atomki measurements).
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3. Strengths of X17 couplings to light and heavy quarks

𝑯∗ → 𝑯𝒆'𝒆%The decay: here, 𝐻∗is vector meson𝑠 with spin−parity 1$

𝐻 is pseudoscalar meson𝑠 with spin−parity 0$

Meson name 𝑯∗ 𝑯 Quark content 𝒎𝑯∗ [MeV] 𝒎𝑯 [MeV]

D mesons

𝑫∗𝟎 𝑫𝟎 𝒄�̂� 2006.85 ± 0.05 1864.84 ± 0.05

𝐷∗' 𝐷' 𝑐�̅� 2010.26 ± 0.05 1869.66 ± 0.05

𝐷2∗' 𝐷2' 𝑐�̅� 2112.2 ± 0.4 1968.35 ± 0.07

Charmonium 𝜓 2𝑆 𝜂3(1𝑆) 𝑐 ̅𝑐 3686.097 ± 0.011 2984.1 ± 0.4

𝝓 meson 𝜙(1020) 𝜂 𝜙 𝑠�̅�  and 𝜂 454'6 76%/2 ̅2
9

1019.461 ± 0.016 547.862 ± 0.017

Atomki mesurements

𝜺𝒖, 𝜺𝒅

D meson, Charmonium, and 
𝝓 meson decays

𝜺𝒖, 𝜺𝒔, 𝜺𝒄

ICHEP 2024
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X17 hypothesis (vector case) from anomalous
!𝐵𝑒, "𝐻𝑒, and #$𝐶 decays

Conclusions 4
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q The effects of the X17 boson in interactions with D meson, Charmonium, and 𝜙 meson decays are

analyzed using the Vector Meson Dominance for calculating the transition form factors.

q Combined fittings to data from D meson, Charmonium, and 𝜙 meson decays opens up various 

possibilities regarding the magnitude and sign of 𝜀X and 𝜀o. The best-fit values are 𝜀3 = 0.016 and

𝜀2 = 0.0063, while 𝜀4 = 0.052 or 0.058. An 𝜀4 with an absolute value about few times of 10%/ is

not compatible with the data of anomalous "𝐵𝑒, *𝐻𝑒, 𝑎𝑛𝑑 ./𝐶 decays. The mode 𝐷∗+ → 𝐷+𝑒'𝑒%

at BESIII is responsible for this serious tension.

Conclusions

q Building upon the assumptions of generation universality 𝜀4 = 𝜀3 and 𝜀6 = 𝜀2 , we have

examined the decay process 𝐷∗+ → 𝐷+𝑒'𝑒%, which is mediated by the X17 boson. Surprisingly, this

decay process does not significantly enhance 𝑅pp to align with the data. However, a more promising

fit is observed in the decay 𝐷2∗' → 𝐷2'𝑒'𝑒%. This intriguing result suggests that merely knowing the

couplings of the X17 boson with the up and down quarks is insufficient.
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FIG. 3.5. 𝜒/ method for three parameters 𝜀I , 𝜀J and 𝜀, estimated at 1,2,3𝜎 using 
four measurements from D meson, Charmonium and 𝜙 meson decays.
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