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Outline
Recent BaBarresults on searches for low mass New Physics

Å Physics motivation and experimental frame

Å Searchfor B Mesogenesis:
B0Ҧ ɽyD Phys. Rev. D107, 092001 ςPublished May 3 2023

DarkBaryon

Å Recentlypublishedother searchesfor New Physics

NEWB+Ҧ p yD

Preliminary: 
First presentationat Moriond EW 2023

Charge conjugateimplicit through talk 

Å Searchfor an AxionLikeParticle(ALP) : 
PhysRevLett.128.131802 (2022)

Å Searchfor Darkonium ╓: 
PhysRevLett.128.021802 (2022)

In B decays

e+e-Ҧ ♬╘╢╡╓
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Physicsmotivation             
Understandwhat DarkMatter (DM) ismade of and its mass scale
Plethoraof models!
Effective theory approachprovidesdifferent « portals» to accessthe darksector

Experimentscanconstrainoperators, masses, couplingsΧ

B Factories: greatwindowto searchfor low mass New Physics
producedthroughmixingbetweenportalsmediatorsand SM particlesin :
ÅB mesonsdecays
ÅDarkmatter producedin e+ e- interactions

B mesogenesis: recentapproachto explainboth
DarkMatter and Baryon Asymmetryin the Universe

PLB 662, 53 (2008)
DarkǇƘƻǘƻƴ !Ω

AxionLikeParticlea

M. Pospelov, A. Ritz, M. Voloshin



Production mechanismsat BaBarςPEP II           

B mesonspairs (║║ or ║║ )
production threshold

Continuum background
for B decaysanalyses

B Ÿ K + a (ALP)
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B Mesogenesis
dark anti-baryonⱶD

AxionLikeParticle
Darkphotons

Darkonium

Darkonium

a Ÿ ♬♬
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Integrated luminosity
Total 531 fb -1

at όп{ύ432 fb -1

~ 4-5 x 108║║pairs
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Detector performances for DM searches

Long history :  more than 10 yearsof DM searches
evenif different from initial (CP violation)goal

B factories very well suited to dark sector searches:

Clean e+e-environment with quasi hermetic detector 
coverage; good missingenergy(potentialdarkmatter) 
reconstruction

Reconstruct displaced vertices from long-lived particles

Precise Particle Identification and reconstruction

High statistics άǇǊŜŎƛǎƛƻƴ ŦǊƻƴǘƛŜǊέ Řŀǘŀ ǎŀƳǇƭŜǎ

Analyses optimizedand validated
on <10% of data set, discarded 
beforesearchperformed



6

Searchfor B Mesogenesis(1)

Å G. Elor, M. Escudero and A. E. Nelson,

Phys. Rev. D 99, 035031 (2019).

Å G. Alonso-Alvarez, G. Elor and

M. Escudero,Phys.Rev. D 104, 035028 (2021).

BAU from B meson decays into a SM baryon (L, p, LcΧύand a dark sector anti-

baryon yD + possible SM light mesonsM(not in our analyses channels)
Visible and dark sectors have equal but opposite matter-antimatter asymmetries 

(but total baryon number is conserved)

Recently proposed mechanism to explain dark matter abundance and
Baryon Asymmetry of the Universe (BAU)
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Searchfor B Mesogenesis(2)

Fullyreconstructed
« Tag» B meson
in known hadronicmodes

« Signal»  B meson: 
ÅReconstructedbaryon (L, p)
ÅMissing yD 4-momentum
(dark anti-baryon yD escaping detection) 

B0Ҧ ɽyD
B+Ҧ p yD

Preliminary

Preliminary

ÅBoosted Decision Tree (BDT) to suppress residual combinatorial backgrounds from 
ήήand ὄὄdecays
ÅBackground estimated directly from m(yD) sidebanddata
ÅManym(yD) mass hypothesestested

In B0ҦɽyDanalysis, kinematic Ŧƛǘ ƻŦ ɽ Ҧ Ǉ ˉΣ 
including displaced vertex significancerequirement

HadronicRecoilMethod

B+Ҧɽ yDwill be out soon

Presentedat Moriond EW 2023 

NEW

PRD107, 092001
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Background rejection 
Å Beamenergysubstitutedmass mES:  Ὁ ὴ

Peaksat B meson mass for signal
Å DE relative to the beamenergy: Ὁ Ὁ

Centeredat 0 for ὄsignal events
Å Event topologyvariables to separateὄὄmore «spherical» 

eventsfrom more «jet-like » ήήcontinuum events

mESfor BTag in B0Ҧ ɽyD analysis 

BDT output variable nBDT

combines background rejection variables, 
with BTAGreconstruction  quality, 
ɽreconstruction quality for B0Ҧ ɽyD channel, 
etc.

Main systematicsfrom Monte-Carlo-Data correction in BDT distributions usingcontrol regionin data 

B±Ҧ p yD

nBDT> 0.95 required for signal   

Preliminary

NEW

(-)

PRD107, 092001



99Probes Oud

Probes Ous

G. Alonso-Alvarez, G. Elor, and M. Escudero 

Phys.Rev. D 104, 035028 (2021).

OǳŘҐⱶ╫◊▀

OǳǎҐⱶ╫◊▼

OŎŘҐⱶ╫╬▀

OŎǎҐⱶ╫╬▼

For the decay║ᴼⱶ╓ּ︢ק to exist: 
new BSM TeV-scalecolor triplet scalarY, 
coupling‪ and SM quarks

Effective low energyLagrangianintegratingout heavymediatorY  

▄︡██ В░ȟ▒O◊░ȟ▀▒
◐░▒

╜╨

Four possible flavorcombination

O◊░ȟ▀▒operatorsfor B mesondecays

Onlyone active in earlyuniverse
Needto test four possibilities

◐░▒Product of couplings

DarkSM SM
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Searchfor B Mesogenesis(4)
Distribution of  m(yD) (missingenergy)

BaBaranalyses scan (many) 
myD hypotheses
As Belle looks at discrete
myDhypotheses

90% C.L. Upperlimits on Br(B0ҦɽyD) vs m(yD)

Preliminary B+Ҧp yD 

90% C.L. Upperlimits on Br(B+ҦpyD) vs m(yD)

Exclude large 
fraction of 
parameter space for 
B mesogenesis

Belle previous limit
PRD 105, L051101 (2022)

B0Ҧɽ yD
PRD107, 092001

Preliminary
NEW

NEW

Resultalsousefulto 
constrainSUSY model
jhep02(2023)224 
(see back-up)

PRD107, 092001
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Searchfor an Axion-LikeParticle(ALP) in B+Ҧ Y+ŀ όŀ Ҧ ʴ)ɹ 
PhysRevLett.128.131802 (2022)

E. Izaguirre et al., PRL 118 (2017) 111802
Pseudo-Goldstonebosons : Axion-Like Particles (ALPs) 
resulting from Spontaneously-broken global symmetries, 
Could help resolve naturalness issues of SM parameters 
(like CP strong Pb) and serve as mediators to dark sectors

Can be produced in FCNC B decay processes, like
. Ҧ Y ŀΣ withŀ Ҧ ʴ (ɹSM BR predictionverysmallfor  . Ҧ Y ʴ )ɹ

90% CL exclusion 
bounds on 
the ALP coupling Ὣ

fl= - aὡ ὡ

ὛὟς Æield 
strengthtensor

coupling

Up to two orders of magnitude improvements over previous limits !

Search for peak in 
reconstructed♬♬mass



Searchfor Darkonium: 
PhysRevLett.128.021802 (2022)

3 darkǇƘƻǘƻƴǎ !Ω

Darkonium
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90% C.L. upper limits on the kinetic mixing parameterŮ versus □═
For different values of h D

For different values of ƳόD)

Dark photon A' couples strongly to the dark 
ƳŀǘǘŜǊ ŦŜǊƳƛƻƴ ό˔ύ via coupling hD and A' mixes 

with SM photon via kinetic mixing with strength ʁ

Six tracks final state :
Aϥ Ҧ f +f -ό Ŧ Ґ ŜΣ ˃Σ)́

Lowest bound states of ̝

D́ (JPC= 0 -+ ) 

D (JPC= 1--)

ISR 
photon

ʶ

DҦ !ϥ!ϥ!'

H. An et al., PRL 116 (2016) 151801

ŮŮ

□═ (GeV)□═ (GeV)
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CONCLUSION

BaBardata open an interesting and important window for searching for various physics 
beyond the Standard Model

Clean B factory environment :extremely well suited to searches for light dark sector
Significantimprovementsin constrainingdarksector

B mesogenesis, ALPsand darkoniumsearches are the most recent
in a long, flourishing, and still developing history of dark sector and exoticsearches. 

One of the recentBaBarresultsnot coveredin this talk : 
Search for Heavy Neutral Leptons from Taus(see back-up)

Phys. Rev. D107, 052009 ςPublished 23 March 2023     
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BACK-UP SLIDES
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Presentationat Lake Louise 2023


