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B-Mesogenesis: Baryogenesis 
and Dark Matter from B Mesons

arXiv:1810.00880 Elor, Escudero & Nelson

1) Baryogenesis and Dark Matter are linked 

2) Baryon asymmetry directly related to B-Meson observables

4) Fully testable at current collider experiments

3) Leads to unique collider signatures

arXiv:2101.02706 Alonso-Álvarez, Elor & Escudero

http://arxiv.org/abs/arXiv:1810.00880
https://arxiv.org/abs/2101.02706
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Outline

6

1) B-Mesogenesis: 
Baryogenesis and Dark Matter from B Mesons

2) Collider implications:
1) CP violation in the B meson system

2) Missing energy decays of B mesons 

3) Conclusions
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Baryogenesis

7

The three Sakharov Conditions (1967):

1) C and CP violation

2) Out of equilibrium

3) Baryon number violation
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Baryogenesis from B Mesons
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The three Sakharov Conditions (1967):

1) C and CP violation

2) Out of equilibrium

3) Baryon number violation

Neutral B-Meson system

Baryon number is conserved! Dark Matter is antibaryonic

Late time (τ ~ 0.01 s, TRH ~ 20 MeV) decaying particle into b-quarks
2) Out of equilibrium and B meson production

New decay mode of B mesons into Dark Matter and a Baryon
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B-Mesogenesis
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Visible Sector 
(Baryons)

Dark Sector
(anti-Baryons)

Baryogenesis

⌦DMh2 = 0.12YB = 8.7⇥ 10�11

Dark Matter
and

With the Baryon asymmetry: YB ' 8.7⇥ 10�11 Br(B !  + B +M)

10�2

X

q

↵q
Aq

SL

10�4

<latexit sha1_base64="kDRvtt3U4Srq3u5tlkyarMGaaSg="></latexit>
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Distinctive Collider Signatures
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2) New B Meson decay into ME and a Baryon

1) Extra CP violation in B Meson decays
a) Semileptonic asymmetries

b) CP violation in  decaysb → cc̄s

 

B+

⇤c

b) Indirect constraints from the LHC

a) Constraints from ALEPH
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Indirect CP violation
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Key Quantity: The Semileptonic Asymmetry

Baryogenesis
<latexit sha1_base64="nHW9Y9OLbZOvMfZSBQ97m67cQwc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSqehKqm5cuKhoH9CmYTKdtENnkjgzEUqIG3/FjQtF3PoX7vwbp20W2nrgwuGce7n3Hi9iVCrL+jZyc/MLi0v55cLK6tr6hrm5VZdhLDCp4ZCFoukhSRgNSE1RxUgzEgRxj5GGN7gc+Y0HIiQNgzs1jIjDUS+gPsVIack1d87dpC04vL1OO8l9Cs+gbXWSw3LqmkWrZI0BZ4mdkSLIUHXNr3Y3xDEngcIMSdmyrUg5CRKKYkbSQjuWJEJ4gHqkpWmAOJFOMv4ghfta6UI/FLoCBcfq74kEcSmH3NOdHKm+nPZG4n9eK1b+qZPQIIoVCfBkkR8zqEI4igN2qSBYsaEmCAuqb4W4jwTCSodW0CHY0y/PkvpRyT4uWTflYuUiiyMPdsEeOAA2OAEVcAWqoAYweATP4BW8GU/Gi/FufExac0Y2sw3+wPj8AWPflY4=</latexit>
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SL > 10�4
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<latexit sha1_base64="pvsPKRvZQQehjg7dUEib/+Y+HZ8="></latexit>

Standard Model Lenz & Tetlalmatzi-Xolocotzi
1912.07621

Ad
SL|SM = (�4.7± 0.4)⇥ 10�4

As
SL|SM = (2.1± 0.2)⇥ 10�5

<latexit sha1_base64="W0C5nMI4f6WQUpnfqpHAThSUEAU="></latexit>

see Talk by Alexander 

Measurements World averages 
(HFLAV)

Ad
SL = (�2.1± 1.7)⇥ 10�3

As
SL = (�0.6± 2.8)⇥ 10�3

<latexit sha1_base64="zFG6VmB4Ewby2UYbWvzeruFkVbc="></latexit>

see Talk by Lucia
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Parameter Space
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Measured ASL imply: Br (B !  + Baryon +M) & 10�4

<latexit sha1_base64="hRmlemyh0YKAwGfJpClQ7lcZbsE="></latexit>

The Bs 
Meson 
dominates 
the Baryon 
asymmetry 
because 
ΔMs /ΔMd ∼ 35
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Parameter Space

13

Global fits indicate: Br (B !  + Baryon +M) & 10�3

<latexit sha1_base64="kyu3ZoQ13Vb8LwQLFR2j7Z1o/OM="></latexit>

Baryogenesis with 
only SM CP violation?

see Talk by Luca
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CP violation in b → cc̄s
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Lenz et al. 
1912.07621

 is strongly related to ϕs As
SL

1906.08356

2001.07115

2007.02434

see Talk by Veronika 
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CP violation in  and ASLb → cc̄s
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Aq
SL = −

ΔΓq

ΔMq
tan ϕq

12

Bd: penguins do seem to contribute non-negligibly

Bs: penguins, at least in the SU(3) limit seem negligible

2010.14423: Barel, De Bruyn, 
       Fleischer, Malami

see Talk by Kristof

The effect of penguins in Bs can be dramatic 
for  because  is very small:As

SL ϕs
12 ≃ − 0.2∘

see Talk by LucaIt appears key to understand the NP fit of UTFit

ϕs
12 = ϕSM

12 + ϕNP
M + ϕNP

Γ

ϕs = − 2βs + ϕNP
M + δSM

pen + δNP
pen

see Talk by Alexander

Bands indicate , with
 , and

δSM
pen + δNP

pen = ± 1∘

ϕNP
Γ = 0

ΔMs = ΔMs |SM , ΔΓs = ΔΓs |SM

Similarly, contributions to  could 
occur in our scenario

ϕNP
Γ ≲ 1∘
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New B-Meson decay
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Baryon

Dark Sector 
anti-Baryon 

B+

⇤c

Parameter space is: <latexit sha1_base64="hHTYMBUJ/fFbXAeNd3HQ1vkdZJQ=">AAACE3icbZC7SgNBFIZnvcZ4W7W0GQyCiIRdiWhhEbTQMoK5QDaE2clJMmT2wsxZMSx5BxtfxcZCEVsbO9/GyaUwiQcGPv7/HM6c34+l0Og4P9bC4tLyympmLbu+sbm1be/sVnSUKA5lHslI1XymQYoQyihQQi1WwAJfQtXvXQ/96gMoLaLwHvsxNALWCUVbcIZGatrHbt7xTjyER0xvoDKglzRoerEWBgrTVtPOOXlnVHQe3AnkyKRKTfvba0U8CSBELpnWddeJsZEyhYJLGGS9REPMeI91oG4wZAHoRjq6aUAPjdKi7UiZFyIdqX8nUhZo3Q980xkw7OpZbyj+59UTbF80UhHGCULIx4vaiaQY0WFAtCUUcJR9A4wrYf5KeZcpxtHEmDUhuLMnz0PlNO+e5Z27Qq54NYkjQ/bJATkiLjknRXJLSqRMOHkiL+SNvFvP1qv1YX2OWxesycwemSrr6xeigZwm</latexit>

1.0GeV < m < 4.0GeV

4 Flavourful variations exist:

Bd !  + ⇤ (usd)
Bs !  + ⌅0 (uss)
B+ !  + ⌃+ (uus)
⇤b !  ̄ +K0

Bd !  + n (udd)
Bs !  + ⇤ (uds)
B+ !  + p (duu)
⇤b !  ̄ + ⇡0

Bd !  + ⌅0
c (csd)

Bs !  + ⌦c (css)
B+ !  + ⌅+

c (csu)
⇤b !  ̄ +D� +K+

Bd !  + ⇤c + ⇡� (cdd)
Bs !  + ⌅0

c (cds)
B+ !  + ⇤c (dcu)
⇤b !  ̄ +D

0

 b u s  b u d  b c s  b c d

(All work equally well for Baryogenesis)

Baryogenesis requires:
<latexit sha1_base64="iZ77X3QSUGA0q8GRd5eIXuct+nw="></latexit>

Br (B !  + Baryon +M) & 10�4

(Inclusive)
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New B-Meson decay
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There is no available dedicated search for these processes!

Ways to constrain these new decay modes:

Br (B !  + Baryon +M) . 10%

<latexit sha1_base64="QCnVTJwDK5qzaqoHvYeMxdwan+A="></latexit>

1) Indirectly from inclusive searches 
involving Baryons 

(ARGUS, CLEO & BaBar)

3) Searches for resonances at LHCb Cid Vidal et al. 

4) Searches for b-flavor baryon decays LHCb Georgieva Chobanova, Martinez Santos et al.

2) Direct exclusive searches at B factories

sensitivity should be Br(B → ψ + Baryon) ∼ 10−6 − 10−5

given that Br(B → Kν̄ν) ∼ 10−6 − 10−5

There are ongoing searches at BaBar, Belle and Belle-II Echenard et al. 
Strube et al.

6) Indirectly at ATLAS and CMS  by constraining the mediator that should be M < 10 TeV

5) At ALEPH! Inclusive search for missing energy of b decays hep-ex/0010022

<latexit sha1_base64="YSKB0o6l09k77YUGiucC1BDEBok="></latexit>

Br (B !  + Baryon +M) . 6⇥ 10�3
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ALEPH search for b decays with Emiss
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Our Referee has pointed out the existence of this search that was used to 
constrain  and  decays, see Grossman, Ligeti and Nardi hep-ph/9510378B → τν b → sν̄ν

The missing-energy distribution of the events selected as described in Section 3.3 is
displayed in Fig. 6, and is compared to that of the background. Also indicated in Fig. 6
is the expected enhancement at large missing energy, should either the B− → τ−ν̄τ or the
b → sνν̄ branching ratio be 1%.

Emiss (GeV)

En
tr

ie
s/

G
eV Data

b → τνX
b,c → lνX
Background
B- → τ- ντ
b→Xsνν

ALEPH

Figure 6: Missing-energy distributions in the B− → τ−ν̄τ and b → sνν̄ final state selection, for the data
(dots) and for the simulated background (full histogram). Also indicated are the contributions of the
B− → τ−ν̄τ (dashed histogram) and b → sνν̄ (dotted histogram) processes with a branching ratio of 1%.
The arrow shows the region in which the two limits are calculated.

No background subtraction was performed, making the validity of the results presented
here unaffected by possible systematic uncertainties related to the knowledge of the resi-
dual background, largely suppressed by a lower cut on the missing energy at 35GeV. The
latter cut was optimized so as to maximize the expected 90% C.L. upper limit, evaluated
with simple event counting and in the absence of new physics [30], on the B− → τ−ν̄τ
and b → sνν̄ branching ratios. The numbers of events, observed in the data and expected
from background and signal, are displayed in Table 5 in three missing-energy intervals.
Two events with a missing energy in excess of 35GeV were observed, with 2.5±1.6 events
expected from all background processes. In absence of any systematic uncertainty, the
90% C.L. upper limits on the B− → τ−ν̄τ and b → sνν̄ branching fractions are found to
be 8.1× 10−4 and 6.2× 10−4, respectively.

However, these limits are affected by the uncertainty on the expected fraction of
B− → τ−ν̄τ and b → sνν̄ events with such a large missing energy or, almost equivalently,
with such a large value of xb. (Most of these events are characterized by a value of xb

in excess of 0.9.) This fraction was determined [31] to be 0.146+0.025
−0.021, which translates

16

hep-ex/0010022

The results do seem to apply to our exclusive 2-body decays

Our recast shows that:
Preliminary!

Implications for the mechanism depend upon the rather uncertain and 
large ratio between exclusive (no mesons) and inclusive (any mesons)!

Br(B0 → pp̄K+π−)
Br(B0 → pp̄) ≃ 500
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Parameter Space

19

Large missing 
energy at LEP 
from b decays

TeV pT dijets or jet+MET

)ud
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Parameter Space
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Parameter Space
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Viable parameter space after taking into account all relevant bounds
<latexit sha1_base64="nHW9Y9OLbZOvMfZSBQ97m67cQwc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSqehKqm5cuKhoH9CmYTKdtENnkjgzEUqIG3/FjQtF3PoX7vwbp20W2nrgwuGce7n3Hi9iVCrL+jZyc/MLi0v55cLK6tr6hrm5VZdhLDCp4ZCFoukhSRgNSE1RxUgzEgRxj5GGN7gc+Y0HIiQNgzs1jIjDUS+gPsVIack1d87dpC04vL1OO8l9Cs+gbXWSw3LqmkWrZI0BZ4mdkSLIUHXNr3Y3xDEngcIMSdmyrUg5CRKKYkbSQjuWJEJ4gHqkpWmAOJFOMv4ghfta6UI/FLoCBcfq74kEcSmH3NOdHKm+nPZG4n9eK1b+qZPQIIoVCfBkkR8zqEI4igN2qSBYsaEmCAuqb4W4jwTCSodW0CHY0y/PkvpRyT4uWTflYuUiiyMPdsEeOAA2OAEVcAWqoAYweATP4BW8GU/Gi/FufExac0Y2sw3+wPj8AWPflY4=</latexit>

Aq
SL > 10�4
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Summary

22

Baryogenesis and Dark Matter from B Mesons:

• Baryon number is conserved and hence Dark Matter is anti-Baryonic
• Which actually relates the CP violation in the B0 system to Baryogenesis

Distinctive experimental signatures:

• Positive leptonic asymmetry in B meson decays

• Neutral and charged B mesons decay into baryons and missing energy

Br (B !  + Baryon +M) & 10�4

<latexit sha1_base64="hRmlemyh0YKAwGfJpClQ7lcZbsE="></latexit>

<latexit sha1_base64="nHW9Y9OLbZOvMfZSBQ97m67cQwc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgSqehKqm5cuKhoH9CmYTKdtENnkjgzEUqIG3/FjQtF3PoX7vwbp20W2nrgwuGce7n3Hi9iVCrL+jZyc/MLi0v55cLK6tr6hrm5VZdhLDCp4ZCFoukhSRgNSE1RxUgzEgRxj5GGN7gc+Y0HIiQNgzs1jIjDUS+gPsVIack1d87dpC04vL1OO8l9Cs+gbXWSw3LqmkWrZI0BZ4mdkSLIUHXNr3Y3xDEngcIMSdmyrUg5CRKKYkbSQjuWJEJ4gHqkpWmAOJFOMv4ghfta6UI/FLoCBcfq74kEcSmH3NOdHKm+nPZG4n9eK1b+qZPQIIoVCfBkkR8zqEI4igN2qSBYsaEmCAuqb4W4jwTCSodW0CHY0y/PkvpRyT4uWTflYuUiiyMPdsEeOAA2OAEVcAWqoAYweATP4BW8GU/Gi/FufExac0Y2sw3+wPj8AWPflY4=</latexit>

Aq
SL > 10�4

As of today we know:
From ALEPH + ATLAS & CMSBr(B → ψ + Baryon + ℳ) ≲ 6 × 10−3

From LHCb, ATLAS, CMS, BaBar, BelleAq
SL ≲ (2 − 3) × 10−3

What we will learn soon:
Results on  should appear soon from BaBar and Belle data setsB → ψ Λ
This workshop: CP Violation. Can current data tell us that ?Aq

SL < 10−4
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Questions & Comments
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Great thanks to my collaborators 
and great thanks to YOU for 

participating!

Ann Nelson Gonzalo Alonso Gilly Elor

The B-Mesogenesis  
Team


