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• Self-contained model (SUSY)

- Full flavor structure
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• Very testable scenario.

Peter Paul Rubens, Jan Brueghel the Elder 
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Main ideas

1. Baryogenesis and dark matter are linked.


2. The baryon asymmetry is related to B-meson 
observables.


3. SUSY theory contains all the ingredients.


4. Fully testable model: flavor, collider & astrophysical 
observables.
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If you want to know more…

q̃
<latexit sha1_base64="NjhWBrBrdJe2yCl2bVFV+ORTYrc="></latexit>

The Dirac bino decays

Asymmetric sneutrino DM generated at baryogenesis 

Symmetric component is usually overproduced, but 
efficiently annihilates into neutrinos

Can CP violation in neutral meson oscillations explain 
the matter-antimatter asymmetry of the Universe?

Constraints and testability
Particle physics Astrophysics

• Semileptonic asymmetries

• Flavor violation

• Exotic B decays


• Long lived particles

- Bino / RH neutrino

- Faser, Mathusla, SHiP, …


• Supergravity & RPV

• Neutrino masses


• DM decay


• Neutron stars

- Production


- Capture

yN sin� ⇠ 10�8
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m⌫̃R & 1.2GeV
<latexit sha1_base64="k8TItDdpveF5RHOdQVJ6EWBVCHM="></latexit>

Br (B ! B +X) & few · 10�4
<latexit sha1_base64="kNzBY1fE5AiA/Ru1LpIGalyTK90="></latexit>

Test: long-lived particles

Sakharov condition I Sakharov condition II Sakharov condition III

⌫R
<latexit sha1_base64="K34EbzS/JbsLOW7S9F0AL+7A3JI="></latexit>

⌫̃R
<latexit sha1_base64="XUglH7Ebn+V7NtQxKSP+jHZKBP4="></latexit>

Producing B mesons and baryon asymmetry cosmologically. Adapted from arxiv:1810.00880.

Baryogenesis from neutral B meson oscillations

New particles

Semileptonic asymmetries

U(1)R SUSY with Dirac gauginos can accommodate 
baryogenesis & sterile sneturino asymmetric DM production

Test: invisible B meson decays
The bino mediates the apparently B-violating decay:

RH sneutrino asymmetric DM

SUSY with a light Dirac bino: 
B meson baryogenesis & sneutrino asymmetric DM

Gonzalo Alonso-Álvarez, Gilly Elor, Ann Nelson & Huangyu Xiao, arXiv:1907.10612
alonso@thphys.uni-heidelberg.deHorizon 2020

This project has received funding/support from the European Union’s Horizon 2020 research and innovation programme under the Marie Sklodowska-Curie grant agreement No 674896 “ELUSIVES”.

Particle Mass Description SUSY
11-100 GeV Late-decaying scalar
 Modulus, inflaton…

1 - 4 TeV Color-triplet scalar Squark
1.2 - 4.2 GeV Mediator Dirac bino
0.3 - 2.7 GeV Dark sector fermion RH neutrino
1.2 - 2.7 GeV DM scalar baryon RH sneutrino
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SM:

Exp:

As
sl|SM = (2.22± 0.27)⇥ 10�5

Ad
sl|SM = (�4.7± 0.6)⇥ 10�4
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As
sl|exp = (�0.6± 2.8)⇥ 10�3

Ad
sl|exp = (�2.1± 1.7)⇥ 10�3
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There is much room for new physics!

Measure the amount of CPV in B meson oscillations

SM values are small to generate the baryon asymmetry

Br(B ! DM+Baryon +X) & few ⇥ 10�4
<latexit sha1_base64="NNB5WEsJyOsr23Xf7sn+crYvgEY="></latexit>

Search: B meson decay to a baryon + ME
But this inclusive mode has not been targeted

Good prospects, B factories & LHCb:
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<latexit sha1_base64="Arc2PUWLN7PqdphFzGlI7wYss38=">AAACKHicbZDLSgMxFIYz9VbrrerSTbAIglBmqqA7i25cVrEX6JSSyaRtaCYZkjNKGfo4bnwVNyKKdOuTmF4Ebf0h8PGfczg5fxALbsB1R05maXlldS27ntvY3Nreye/u1YxKNGVVqoTSjYAYJrhkVeAgWCPWjESBYPWgfz2u1x+YNlzJexjErBWRruQdTglYq52/9IGLkKW+TIbtO+wLJbuad3tAtFaP2Nr4BPsB0Wky/KHwF7XzBbfoToQXwZtBAc1Uaeff/FDRJGISqCDGND03hlZKNHAq2DDnJ4bFhPZJlzUtShIx00onhw7xkXVC3FHaPgl44v6eSElkzCAKbGdEoGfma2Pzv1ozgc5FK+UyToBJOl3USQQGhcep4ZBrRkEMLBCquf0rpj2iCQWbbc6G4M2fvAi1UtE7LZZuzwrlq1kcWXSADtEx8tA5KqMbVEFVRNETekHv6MN5dl6dT2c0bc04s5l99EfO1zfYi6Zo</latexit>

 �! ⌫̃R + ⌫R
<latexit sha1_base64="esBNGmWt29DUbRx0TC8wyis3Bjw=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIilBmqqDLohuXtdgLdMqQSdM2NJMMyRmlDH0GN76KGxeKuHXlzrcxvSy09YfAx3/O4eT8YSy4Adf9djJLyyura9n13Mbm1vZOfnevblSiKatRJZRuhsQwwSWrAQfBmrFmJAoFa4SD63G9cc+04UrewTBm7Yj0JO9ySsBaQf7Ejw33hZI9zXt9IFqrB+wDFx2W+jIZBVV8ii0E1SBfcIvuRHgRvBkU0EyVIP/ldxRNIiaBCmJMy3NjaKdEA6eCjXJ+YlhM6ID0WMuiJBEz7XRy0ggfWaeDu0rbJwFP3N8TKYmMGUah7YwI9M18bWz+V2sl0L1sp1zGCTBJp4u6icCg8Dgf3OGaURBDC4Rqbv+KaZ9oQsGmmLMhePMnL0K9VPTOiqXb80L5ahZHFh2gQ3SMPHSByugGVVANUfSIntErenOenBfn3fmYtmac2cw++iPn8we2vJ4X</latexit>

b

u

d

⌫R

⌫̃R

b

 
u

d b

⌫R

⌫̃R
 

Figure 5: Production channels of the bino at the LHC, also showing its decay into a neutrino/sneutrino pair.

The left diagram schematically shows the decay of a b quark in a b b̄ pair through the e↵ective 4-fermion operator

 udb (this a parton level diagram, the b quark would hadronize before decaying). The right one corresponds to

direct production of the bino through the same e↵ective 4-fermion operator. Propagator arrows indicate the flow of

baryon number.

Belle II [70]. Depending on what precise combination of coupling and light squark dominates the process
(see Eq. (6.1)), di↵erent baryons and mesons are expected to appear as decay products. Generically, protons
and strange baryons will be produced, but an experimentally challenging situation would arise if a large
fraction of decays occur into a neutron and dark particles, as such a virtually invisible final state would be
extremely di�cult to detect.

A dedicated search for exotic B decays with a final state containing a baryon and missing energy
has not been performed to this date. However, an inclusive branching ratio Br (B ! B + anything) =
6.8 ± 0.6% was reported in [71] (see also [72]), which is large compared to the known exclusive modes. A
loose limit Br (B ! B + X) . 1 � 2 % can be derived assuming that the (also reported [73, 74]) modes
Br (B ! pp̄ + anything) = 2.47 ± 0.23% and Br

�
B ! ⇤p̄/⇤̄p + anything

�
= 2.5 ± 0.4 % don’t contain

any invisible fermion in the final state. A dedicated search in BABAR or Belle II is highly desirable
and has the potential to probe the full parameter space, given the sensitivity16 of similar searches like
Br (B ! ⇤p̄⌫⌫̄) < 3 · 10�5 (90% cl) using BABAR data [GA: Ref to the conference/paper]. An
additional signal of interest arises in the case when the mixing of the sterile neutrino with SM neutrinos
is large enough for it to decay into SM states within the detection volume. This possibility is discussed in
Sec. 7.5.

7.3 Exotic decays of b hadrons at the LHC

At the LHC, b b̄ pairs are copiously produced via strong interactions. These b-quarks subsequently hadronize
and decay. Through the e↵ective 4-fermion operators in Table 3, one of the b-quarks may undergo the visible
baryon number violating decay b ! ūd̄ (or b ! ūs̄ ). Recall that  is the Dirac bino Eq. (4.7), which
subsequently decays into two dark sector states: a stable sneutrino DM particle and a sterile neutrino. If the
sterile neutrino is su�ciently long-lived, both particles leave the detector contributing to missing transverse
energy of the event. The rate for this exotic b decay is directly related to the baryogenesis dynamics (see
Eq. (6.1)) and is expected to be significant, corresponding to a branching fraction of ⇠ 10�3.

At the partonic level, the process of interest is shown in Fig. 5 (left) and can be summarized as

b̄ b ! b̄ ū q̄  , where q = s , b , (7.1)

16
We thank S. Robertson for his input on this matter.
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Production channels of the bino —> RHN at the LHC:

: Stable (DM)

: Long lived⌫R
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Search: Prompt b jet + MET / LLD of RH neutrino
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<latexit sha1_base64="mp3rH9B3bFCFsV0qLCpPfUczgpw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF5akKrosdeOygn1AE8tkOmmHziRhZiKUkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceL2JUKsv6NgpLyyura8X10sbm1vaOubvXlmEsMGnhkIWi6yFJGA1IS1HFSDcSBHGPkY43vs78zgMRkobBnZpExOVoGFCfYqS01DcPHY7USPCkIdJK48RhREpJObSt++T0Iu2bZatqTQEXiZ2TMsjR7JtfziDEMSeBwgxJ2bOtSLkJEopiRtKSE0sSITxGQ9LTNECcSDeZ/pHCY60MoB8KXYGCU/X3RIK4lBPu6c7sajnvZeJ/Xi9W/pWb0CCKFQnwbJEfM6hCmIUCB1QQrNhEE4QF1bdCPEICYaWjK+kQ7PmXF0m7VrXPqrXb83K9kcdRBAfgCFSADS5BHdyAJmgBDB7BM3gFb8aT8WK8Gx+z1oKRz+yDPzA+fwDBfpiU</latexit>

1. Go to Miguel Escudero’s 

talk this afternoon

2. Talk to me!



Gonzalo Alonso-Álvarez BLV 2019, Madrid

Baryogenesis mechanism

Sakharov I Sakharov II Sakharov III



Gonzalo Alonso-Álvarez BLV 2019, Madrid

New particles & SUSY model
Particle Mass Description SUSY
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Particle Mass Description SUSY
11-100 GeV Late-time decaying scalar
 Modulus, inflaton, …�
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A scalar with mass


generically decays into b quarks.
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New particles & SUSY model
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Particle Mass Description SUSY
11-100 GeV Late-time decaying scalar
 Modulus, inflaton, …

1 - 4 TeV Color-triplet scalar Squark
�
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Color-triplet scalar 

coupling to quarks

q̃
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Particle Mass Description SUSY
11-100 GeV Late-time decaying scalar
 Modulus, inflaton, …

1 - 4 TeV Color-triplet scalar Squark
1.2 - 4.2 GeV Mediator Dirac bino
0.3 - 2.7 GeV Dark sector fermion RH neutrino
1.2 - 2.7 GeV Dark sector scalar baryon RH sneutrino
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• Fermion: RH neutrino

• Scalar baryon: RH sneutrino

          Good DM candidate!
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• DM decay


• Neutron stars


- Production


- Capture


• Neutrino masses


A very testable scenario
Particle physics Astrophysics

• Semileptonic asymmetries


• Flavor violation


• Exotic B decays


• Long lived particles


- Bino / RH neutrino


- Faser, Mathusla, SHiP, …


• Supergravity & RPV yN sin� ⇠ 10�8
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<latexit sha1_base64="D9JLuZ+3rOfb+8jTho1pP4v4oqQ="></latexit>

m⌫̃R & 1.2GeV
<latexit sha1_base64="k8TItDdpveF5RHOdQVJ6EWBVCHM="></latexit>

Br (B ! B +X) & few · 10�4
<latexit sha1_base64="kNzBY1fE5AiA/Ru1LpIGalyTK90="></latexit>



Gonzalo Alonso-Álvarez BLV 2019, Madrid

• DM decay


• Neutron stars


- Production


- Capture


• Neutrino masses


Particle physics Astrophysics

• Semileptonic asymmetries


• Flavor violation


• Exotic B decays


• Long lived particles


- Bino / RH neutrino


- Faser, Mathusla, SHiP, …


• Supergravity & RPV yN sin� ⇠ 10�8
<latexit sha1_base64="9wTnngGhFvCxNIwMHBcMh+aaLaU="></latexit>

⌫̃R �! ⌫R + ū+ d̄+ d̄
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Majorana gaugino masses are forbidden.


Dirac gauginos, can be light.

U(1)R SUSY

Superfield U(1)R (B #)

Uc,Dc 2/3
Q 4/3

Hu,Hd 0
Ru,Rd 2
S, T, O 0

L 1
Ec, Nc

R 1
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The U(1)R symmetry is identified with baryon number



