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η and η0

• Light unflavoured pseudoscalars mesons.
• combination of �; �; and � with [1]:

(�) = 547:862± 0:017 MeV= 2

(�0) = 957:78 ± 0:06 MeV= 2
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Theory: Constituent Quark Model

� and �0 are linear combination of the singlet (|1⟩) and the octet (|8⟩)
states with mixing angle: � ∈ [−25�;−10�] [2].
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Theory: Flavour Basis

Combination of |� ⟩ ; |� ⟩ the mixing angle (� ).

|� ⟩ =
1√
2

�
| � + �⟩

�
|� ⟩ = | �⟩

Due to the mass difference, 409:92± 0:06 MeV= 2, one can assume a
gluonic/glueball component (| ⟩) contribution in the singlet state in
�0, leading to additional mixing angle � [3]:

|�⟩ = cos� |� ⟩ − sin� |� ⟩
|�0⟩ = cos� (sin� |� ⟩ + cos� |� ⟩) + sin� | ⟩
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Experimental Results

In the LHCb analysis [3] led by prof. Matthew and prof. Maximilien,
the gluon component were studied using B = → =	�(0) with:

�0 → (�+��(� → 

) ) B = 42:5 %

�0 → ( (�0 → �+�� ) 
) B = 29:48%

� → (�+��(�0 → 

) ) B = 23:02%
� → (�+��
 ) B = 4:28%

Using Run1 and Run2 data, Only tree diagram contribution, and
under glueball state assumption the measured mixing angles are [3]:
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��

(� = 0) with > 4�
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Experimental Results [3] cont.

Figure 1: Left: Double and Single γ modes; Right: Combined results.
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Alternative Interpretation

• Proposed by Chen and Li [4], no glueball contribution is needed
to get similar results, instead the gluonic interaction can be
enhanced by (1) anomalies.

• These interactions are present in the other, higher order,
diagrams.

• Taking the same decay but including the W exchange diagram[4]:

≡ B( 0→ = �0)

B( 0→ = �)
· �3( 0→ = �0)

�3( 0→ = �)

= tan2 � cos2 � → = tan2 �

�
1+ 4�
1+ �

�2

≡ B( → = �0)

B( → = �)
· �3( → = �0)

�3( → = �)

= cot2 � cos2 � → = cot2 �

�
1+ 2�
1− �

�2

� ≡ exchange

tree
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Alternative Interpretation [4] cont.
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Using Other Modes with Similar Topologies

Using: =	 → �0, B = → �0�(0) with:

�0 → (�+��(� → 

) ) �0 → ( (�0 → �+�� ) 
)

� → (�+��(�0 → 

) ) � → (�+��
 )

→ �0�(0) =⇒ ( �2) + [ ]( �2);

→ 0�(0) =⇒ ( �3(�− �)) + [ ](− �4(�− �));

→ �0�(0) =⇒ ( �3) + [ ]( �3);

→ 0�(0) =⇒ ( �3(�− �)) + [ ]( �3(�− �));

With branching fraction, respectively: [5][6]

(1) B = (3:94± 0:20) × 10�4; (3) B = (0:86± 0:28) × 10�4

(2) B = (0:25± 0:05) × 10�6; (4) B = (3:5± 0:1) × 10�6
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2018 Data ONLY, Simple Cuts, stripping34r0p3 [7]
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What Can Be Done

1. Using Run2 data B mode is likely to measured.
2. Expected B( )=B( ) < 4%.
3. Thus statistically limited but first Observation for these modes
for B .

4. To Study the mixing angle Run3 data is required.
5. Sprucing lines for Run 3 are prepared and merge request is
created.

6. Additional modes to look for with run3 data, sprucing line for
2025 are being prepared:

+=� → �(0)

7. The mode above can be used to study � contribution.
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What has been done + what are we doing

• Simulation: configuration files ( .decfile ) was created.
• EvtType: 11464401 ”Bd_D0bareta,Kpicocktail=TightCut.dec”
• EvtType: 11464402 ”Bd_D0baretap,Kpicocktail=TightCut.dec”
• EvtType: 13464401 ”Bs_D0bareta,Kpicocktail=TightCut.dec”
• EvtType: 13464402 ”Bs_D0baretap,Kpicocktail=TightCut.dec”

• Simulation: Requested 12M event for Run2 ( 1M/year/mode )
• Simulation: generation is completed.
• Training MVA: current step.
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Conclusion

• � − �0 mixing and the gluonic components need more
investigation.

• Run 3 data: mixing angle measurement in = → �0�(0).
• Run 2 data: Loose cuts reveal the B signal.
• Run 2 data: MC generated and planning to train MVA.
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Questions?
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Quarks States and Mesons



Decfile for B → η



Decfile for B → η cont.



Decfile for B → η0
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