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RecentBaBarmresultson searches for low mass New Physics

A Physics motivation and experimental frame

A Searchor BMesogenesis
B'br Yy Phys. Rev. 207, 09200% PublishedMay 3 2023

DarkBaryon Preliminary:

B i | |
p Vo Firstpresentationat Moriond EW 2023 In BdecayS

A Recently publishedother searchegor New Physics

A SearcHor anAxion LikeParticle(ALB :
PhysRevLett.128.131802 (2022)

A SearcHor Darkonium _:
T e
PhysRevlLett.128.021802 (2022) eeIbiyyr -



Physicsnotivation

Understandwhat DarkMatter (DM) ismade of andts massscale

Plethoraof models!
Effectivetheory approachprovidesdifferent « portals» to accesshe darksector

M. Pospelov, A. Ritz, M/oloshin A’ 4 P '
PLB 662, 53 (2008) MMy DarkLIK 20 2y |

™

SM - Dark Sector
Portal y
\ /' mediators a : : :
Experimentcanconstrainoperators massesgoupling ﬁ:i AxionLikeParticlea
4

B Factories. greatwindowto searchfor low mass NewPhysics
producedthrough mixingbetweenportalsmediatorsand SMpatrticlesin :

A Bmesonsdecays
A Darkmatter producedin e e interactions

B mesogenesis recentapproachto explainboth
Dark Matter and BaryonAsymmetryin the Universe 3



This talk

Productionmechanismat BaBarc PEP |l
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for Bdecaysanalyses
B Mesogenesis Axion Like Particle Darkonium

darkanti-baryont BY K+a (ALP) Darkphotons
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Detector performances for DIglearches

B factories verywell suited to dark sectosearches:
Analysesoptimizedand validated

N : : : : on <10%of dataset, discarded
Cleane*e” environment withquasinermetic detector before searchperformed

coveragegoodmissingenergy(potential dark matter)

reconstruction BABAR Detector

Instrumented
Flux Return

1.5T Solenoid

Reconstrucdisplaced verticedrom longlived particles

Drift Chamber

PreciseParticle Identificationand reconstruction

e* (3.1 GeV)

High statisticst LINS OA aA 2y FTNRVY (A

Electromagnetic
Calorimeter

Longhistory : morethan 10yearsof DM searches
evenif different from initial (CP violation)goal

Cherenkov Detector

(DIRC) Silicon Vertex

Detector



SearcHor B Mesogenesigl)

Recently proposedechanisnto explaindark matterabundance and

Baryon Asymmetry of the UniverggAU

] )
B-mesons decay into
Dark Matter and hadrons

Out of equilibrium

late time decay CP violating oscillations

A G. Elor, M. Escudero and A. E. Nelson,
Phys. Rev. D 99, 035031 (2019).

A G. Alonso-Alvarez, G. Elor and

M. Escudero,Phys.Rev. D 104, 035028 (2021).
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b B % @ @ Baryon
L Tgr ~ 15 MeV A‘SiL 3L Br(B — ¢+ B+ M) y

@ = heavy scalar field;
Yp = dark fermion;

Y = TeV scale mediator;
§= Majorqf;a Fermion;
¢ = scalar baryon.

BAUfrom B meson decays inSM baryon L, p, L . X @and adark sectoranti-

baryony , +possibleSMlight mesondVi(not in our analyses channels)
Visible and dark sectors have equal but oppositgter-antimatter asymmetries

(but total baryon numbeis conserved)
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Fullyreconstructed
« Tag» Bmeson
In known hadronicmodes

Searchor

| Preliminary

B Mesogenesig?2)

HadronicRecoilMethod

« Signabk» Bmeson:
A Reconstructedaryon(L, p)
A Missingy , 4-momentum

(dark anti-baryony , escaping detection)

B+

Th
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Y b PRD107, 092001
0 Y pPreliminary Presentedat Moriond EW 2023

D[

Y pwill be out soon

A Boosted Decision Tree (BB suppress residualombinatorial backgroundsom

N ando 6 decays

A Backgroundestimated directly fromm(y ;) sidebanddata

A Manym(y ;) masshypothesedested
INBTy ypanalysis,kinemat€ A G 2F [ I LI ~ =2
Including displace#ertexsignificanceequirement

2



BaCkgrﬂund rejeCtiOn medfor Br,, in BThr  y panalysis

25}"'-*--_’ .o B8 BB A

A Beamenergysubstitutedmassmce. \/ O n

A .
D107, 092001 |-
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Peaksat B meson mass for signal
A DE relative to thebeamenergy: O O

Centeredat 0 foro signalevents
A Bventtopologyvariablesto separated ® more «sphericab
eventsfrom more «jet-like » A} continuumevents

P
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#Events / (1.0 MeV/c?)

b ey by -
g.2 0.215.22 523 5.24 5.25 5.26 5.27 528 529 53

Mg [GeV/c?]
5 10°
: S i°* Preliminary —- data 120 B
BDT output variableng; PN iy _BTbp yp
E ut,dd,ss
combines background rejection variables, ol B =2;;; NEW
with Bpgreconstruction quality; 10° — signal

[ reconstruction quality foB°I'h[ Yy, channel, 10
etc. 1

-1 08 06 04 02 0 02 04 06 038

VeoT

Ngp> 0.95required for signal

Main systematics§rom Monte-CarleData correction in BDT distributiongsingcontrol regionin data 8



G. Alonso-Alvarez, G. Elor, and M. Escudero
Phys.Rev. D 104, 035028 (2021).

DarkSMSM
For thedecay|| © + _ P~  to exist:
new BSMrle\tscalecolortriplet scalary,
coupling and SM quarks

Effectivelow energyLagrangiamtegratingout heavymediatorY

¢ = Product ofcouplings

4 )

Qi o =

Four possiblélavor combination
Q éééééHﬁoperato rsfor Bmesondecays Q]| A Ao

Onlyone active inearly universe 0% L
Needto test four possibilities
Qirr fy
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Distribution of m

#Events / (10.0 MeV/c?)

Entries per 10 MeV/c?

Searctor BMesogenesig4)
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Exclude large
fraction of
parameter space for
B mesogenesis

=)

BaBarmanalyses scamany)
my  hypotheses

As Belle looks atiscrete
my ,hypotheses

Resultalsousefulto
constrainSUSY model
jhep02(2023)224

(see backup)
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Upper Limit of Br(B*—wp + proton)
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PRD107, 09200

Belle previous linmit
PRD 105, L051101 (202

Ol = (ypb)(us) —e— Belle Experiment
O, = (yps)(ub)  __ BABAR Experiment
O3 = (Wou)(sb) s weond
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my, [GeV/c?]

¢y NEW
21 Preliminary

Oq = (ypb)(ud)
0}y = (wpd)(ub)
O3q = (wpu)(db)

__ BABAR Experiment
(this work)
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Searchfor an Axion-LikeParticle(ALB inB*Th ¥ o4 ) Tt

PhysRevLett.128.131802 (2022)

E. Izaguirre et al., PRL 118 (2017) 111802

PseudeGoldstonebosons Axion-Like Particles (ALPS)
resulting from Spontaneouslyrokenglobalsymmetries ! g !
Could help resolvaaturalness issues &M parameters

(like CP stron&b) and serve as mediators to dark sectors

ol
A

Canbe produced in FCNC B decay procesies,

M witht 15 (SMBRpredictionverysmallfor . I Y !
_ T 10°
SearcHor peak in S\{rgf]gthﬁ:]dsor
reconstructeds Amass -
T 10*
: >
90% CL exclusion coupling 1 3
boundson fl=-—aw w oF 10°
the ALP couplingQ .  amAR s oL
eam dump
[ ; ; o

10" 1
Upto two orders of magnitude inprovements ovempreviouslimits !~ ™= (GeV) 11



Darkonium

Searctfor Darkoniunt ISR |
~ photon vy : "
PhysRevLett.128.021802 (2022) e LOW?St(t;gg_ngia;tes of
D - ’ "
p(Fe=1") : :

H. An et al., PRL 116 (2016) 151801
Dark photon Acouples strongly to thdark

Y GGSNI T daehuplind/, and A'lmixes L
with SM photon via kinetic mixing with strength
o
g
90% C.L. upper limits on the kinetic mixing parameter Uversus [0 _ 3darkLJK 2 U Z y a
10_izFor different values of” 0 ) . For different valuesfh Six tracks final state |
LOJ BABAR ap =0.5 0 BABAR my, =9 GeV AY ffbbo T ’I-j
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CONCLUSION

BaBardata open an interesting and important window fegarching fovarious physics
beyondthe Standard Model

CleanB factory environmentextremelywell suited to searchefr lightdarksector
Significanimprovementsin constrainingdark sector

B mesogenesisALPsaanddarkoniumsearches are the most recent
In along, flourishing, and still developing histarfydark sectolandexoticsearches

One of therecentBaBarmesultsnot coveredin thistalk :

Searchfor Heavy Neutral Leptons froniaus(see backup)
Phys Rev. D107, 052009; Published 23 Marci2023
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Presentationat Lake Louise 2023
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