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Motivation – light Dark Matter

• Only gravitational evidence of Dark Matter
• Can we see it elsewhere?

• If DM couples to quarks, can find:
• Final states with other particles
• Final states by itself: i.e. “Invisible widths” 

• Light DM: ୈ୑
• Can use heavy meson decays to probe for it
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Motivation – invisible background

• Main background in SM for invisible 
width is neutrinos
• Lowest order in 𝐺ி is 𝑀 → 𝜈𝜈̅
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Belle (2012)

BaBar (2012)

Belle (2017)

• Experimental :
• ℬ 𝐵ௗ → 𝑖𝑛𝑣 < 1.3 × 10ିସ

• ℬ 𝐵ௗ → 𝑖𝑛𝑣 < 2.4 × 10ିହ

• ℬ 𝐷଴ → 𝑖𝑛𝑣 < 9.4 × 10ିହ

b(𝑝௕)

𝑠̅(𝑝௦)

B௦(𝑃஻)
νത௜(𝑝ଶ)

ν௜(𝑝ଵ)

𝑠(𝑞௦)

𝐴(𝑘)



Two body decay: 
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ℬ 𝐵௦ → 𝑣𝑣̅ = 3.07 × 10ିଶ
𝑚ఔ

0.1 𝑒𝑉

ଶ

ℬ 𝐵ௗ → 𝑣𝑣̅ = 1.24 × 10ିଶହ
𝑚ఔ

0.1 𝑒𝑉

ଶ

ℬ 𝐷଴ → 𝑣𝑣̅ = 1.1 × 10ିଷ଴
𝑚ఔ

0.1 𝑒𝑉

ଶ

• Helicity suppression factor of 𝑥௩
ଶ =

௠ಕ

ெಳ

ଶ

• Can it be used to measure neutrino mass?
• PDG

ℒ௘௙௙ = −ସீಷ

ଶ
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ℬ 𝐵௦ → 𝑣𝑣̅ =
𝐺ி

ଶ 𝛼ଶ 𝑓஻
ଶ 𝑀஻

ଷ 

16𝜋ଷ sinସ 𝜃ఠ  Γ஻ೞ
 

𝑉௧௤
∗  𝑉௧௕

ଶ
 𝑋ଶ 𝑥௧  𝑥௩

ଶ
Badin, 
Petrov 
(2010) 

for B-decays:  𝐽ொ௤
ఓ

= 𝑞ത௅ 𝛾ఓ 𝑏௅

for D-decays:  𝐽ொ௤
ఓ

= 𝑢ത௅ 𝛾ఓ 𝑐௅

where

also for B-decays:  𝜆௞ 𝑋௟ 𝑥௞ = 𝑉௧௤
∗  𝑉௧௕ ⋅ ೣ೟

ఴ

ೣ೟శమ

ೣ೟షభ
+ య(ೣ೟షమ)

ೣ೟షభ మ ln 𝑥௧

Branching ratio are tiny:



However, SM Invisible decay has more terms!!
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Four body decay to neutrinos

2 Body ℒ௘௙௙

Effective Z propagator

Vertices are:

𝑖, 𝑘 are flavors
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Details of the calculation
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𝑥 =
𝑝௕

𝑃஻
0 𝑠̅Γఓఔ𝑏 𝐵௦ = න 𝑑𝑥 Tr Γఓఔ𝜓஻ೞ

ଵ

଴

𝜓஻ =
𝐼௖

6
𝜙஻ 𝑥 𝛾ହ 𝛾ఓ𝑃஻ఓ + 𝑀஻𝑔஻ 𝑥

𝜙஻ 𝑥 =
𝑓஻

2 3
𝛿(1 − 𝑥 − 𝜉)

Bound state wave function:

Simple quark model:

where

Amplitude:

𝒜௦ = −
𝐺ி
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Results: Branching Ratios

ୱ
ିଶସ

ୢ
ିଶହ

଴ ିଷ଴
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That’s 9 Orders 
Of Magnitude!

ୱ
ିଵହ

ୢ
ିଵ଺

଴ ିଶ଻

Badin, Petrov (2010) 



Example of BSM: Dark Photon
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mixing parameter 

Strongest experimental bounds:
ℬ 𝐵ௗ → 𝑖𝑛𝑣 < 2.4 × 10ିହ

yields 𝜖 < 125

Strongest SM bounds:
ℬ 𝐵ௗ → 4𝜈 = 1.51 ± 0.28 × 10ିଵ଺

yields 𝜖 ~ 3.1 × 10ିସ

Lowest order diagram: ℴ(𝜖ଶ)
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BaBar (2012)

Still have room for DM, 
but need more 
experimental data!



Conclusions

• SM contribution to the invisible width of heavy mesons:
• Branching ratio is dominated by a four neutrino final state

• 9 orders of magnitude for B-decays over ℬ 𝐵 → 𝑣𝑣̅

• 3 orders of magnitude for D-decays over ℬ 𝐷 → 𝑣𝑣̅

• Can we use invisible widths to constrain neutrino mass? 
• Since ℬ 𝑀 → 𝑣𝑣̅𝑣𝑣̅ ≫ ℬ 𝑀 → 𝑣𝑣̅

and ℬ 𝑀 → 𝑣𝑣̅𝑣𝑣̅ is NOT proportional to 𝑚ఔ

⇒ NO!

• Can we use invisible widths to search for light DM?
• Perhaps, but need more experimental data
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Questions?
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