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Motivation



Motivation----Physical background

• Neutrino Oscillation 
In vacuum, the neutrino oscillation is totally 
determined by the neutrino mass matrix. 
However, the oscillation pattern can receive 
environmental effect if neutrinos propagate 
through matter . Even without mass term, 
neutrino oscillation can happen in matter [1]. 
• Dark Matter
If DM is a fundamental particle, our universe is 
immersed in a sea of DM particles. With small 
enough mass, there would be a plenty of DM 
particles surrounding us. Due to the Pauli 
exclusion principle, the light DM (< 100 eV) can 
only be bosons, either scalar or vector particles. 
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−𝓛 =
𝟏
𝟐𝒎𝝓

𝟐𝝓𝟐 +
𝟏
𝟐𝑴𝜶𝜷*𝝂𝜶𝝂𝜷 +𝓨𝜶𝜷𝝓*𝝂𝜶𝝂𝜷 + 𝒉. 𝒄.

• The dark non-standard interaction
(Dark NSI) 

If the scalar DM particle has interaction 
with neutrinos, the relevant Lagrangian
is 

with a Yukawa coupling between the 
light DM φ (≡ χ) and neutrinos. 
α,β = e ,μ ,τ
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If 𝒴%& ≠ 0,𝑤ℎ𝑒𝑛 𝛼 ≠ 𝛽 we have this kind of vertex of 
interaction :

The Feynman diagram of 𝝍(𝟐𝑺)→𝒆𝝁
+𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆



Data set and event selection



Single MC 
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decayDIY.dec

pdt.table

We define a stable particle 
with a mass of 500MeV/c2 in 
pdt.table ,named X500. 
X500 stands for the invisible 
particle, which is boson.

We use phase space to 
generate the single MC.



• Good charged track selection

Ø 𝑐𝑜𝑠𝜃 < 0.93, Vz < 20cm, nGood = 2, ΣQ=0

Ø from interaction point: Vz < 10cm, Vr < 1cm

Primary selection
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• Good photons

Ø 𝐸D > 25𝑀𝑒𝑉 for barrel ( 𝑐𝑜𝑠𝜃 < 0.80)

Ø 𝐸D > 50𝑀𝑒𝑉 for gap (0.80 < 𝑐𝑜𝑠𝜃 < 0.86)

Ø 𝐸D > 50𝑀𝑒𝑉 for endcap (0.86 < 𝑐𝑜𝑠𝜃 < 0.92)

Ø TDC time window: [0, 700] ns

Ø 𝜃EF > 10°

Boss:709    Data set:2009 1.07x108 ψ(2S) data samples   Blind Analysis

• Particle identification

Ø e  EEMC/PMDC > 0.8

Ø 𝜇 EEMC/PMDC < 0.8

Ø 𝑁H = 𝑁I = 1



Further selection
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NF = 0



Further selection

5

• Electron identification
Ø EEMC/PMDC > 0.9
Ø Prob(e)/(Prob(e)+prob(π)+prob(K)) > 0.8



Further selection
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• Muon identification
Ø 0.1	<		E(EMC)	<0.3
Ø 0.1 < EEMC/PMDC < 0.3
Ø Prob(μ) > Prob(e),Prob(μ) > Prob (K)
Ø MUC depth > 40cm



Further selection

5

MUC	depth	>	40	cm



Cut Flow
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Background analysis
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𝐸!"## = 𝐸$%$ − 𝐸& − 𝐸'

Background analysis



𝑈!"## = 𝐸!"## − 𝑃!"##

Background analysis



𝑀!"## = 𝐸!"##$ − 𝑃!"##$

Background analysis



Exclusive MC
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100,000 event for each



𝐸!"## = 𝐸$%$ − 𝐸& − 𝐸'

Background analysis



𝑈!"## = 𝐸!"## − 𝑃!"##

Background analysis



𝑀!"## = 𝐸!"##$ − 𝑃!"##$

Background analysis


