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What about

> Dark Matter

> Baryon Asymmetry of the Universe (BAU)
> Qrigins of neutrino mass

> Existence of Dark Energy

> Fine tuning requirements (e.g. Higgs mass)
> Gravity at the quantum scale
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Recent dark sector searches by Belle and Belle Il
reported by Savino Longo at this meeting

D. Biswas et al. (Belle Collaboration) Search for a dark leptophilic scalar produced
in association with r*t~pair Phys. Rev. D 109, 032002 (2024) —- 626 fb""

M. Nayak, S. Dey, A. Soffer, et al. (Belle Collaboration), Search for a heavy neutral
lepton that mixes predominantly with the tau neutrino to appear in PRD(L)
arXiv:402.02580 —- 915 fb-’

|.Adachi et al. (Belle |l Collaboration) Search for a "~ Resonance in ete~ — Ut
"t~ Events with the Belle Il Experiment, Phys. Rev. Lett. 131, 121802 (2023) —-
62.8 fb-

|.Adachi et al. (Belle |l Collaboration) Search for a u*u~ resonance in four-muon
final states at Belle Il, Accepted to PRD arXiv:2403.02841 —- 178 fb"'
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Recent dark sector searches by Belle and Belle |l reported
by Savino Longo at this meeting
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Recent dark sector searches by Belle and Belle |l reported
by Savino Longo at this meeting
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Gilly Elor, Miguel Escudero, and Ann E. Nelson
Phys. Rev. D 99, 035031 (2019)




Baryogenesis and Dark Matter

from B mesons

Gilly Elor, Miguel Escudero, and/Ann E. Nelson
Phys Rev. D 99, 035031 (2019)

Che New ork Times

€ | Published 2019

Ann Nelson, Expert on Particle
Physics, Is Dead at 61

Dr. Nelson was celebrated for helpmg to address flaws in the

interact.

This work documents Ann Nelson’s last research focus, see also:

“Baryogenesis from B meson oscillations”, Ann E. Nelson and Huangyu Xiao, Phys. Rev. D 100, 075002

“A supersymmetric theory of baryogenesis and sterile sneutrino dark matter from B mesons”, Gonzalo
Alonso-Alvarez, Gilly Elor, Ann E. Nelson, and Huangyu Xiaob, JHEP 03 (2020) 046 1907.10612 [hep-ph] !

! Ann Nelson passed away after this manuscript was written. Her contribution made this work possible,
particle physics a richer field and the whole world a little bit brighter. We are forever grateful for her

*x% University kindness and inspiration.
& of Victoria



https://arxiv.org/abs/1907.10612
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Baryogenesis and Dark Matter

from B mesons
Phys. Rev. D 99, 035031 (2019)

Elor, Escudero and Nelson kill two birds with
one stone!

introducing a new mechanism of baryogenesis and dark
matter production arising from neutral B meson
oscillations & subsequent decays that simultaneously
addresses both

the dark matter relic abundance and

the baryon asymmetry




Baryogenesis and Dark Matter

from B mesons

Phys. Rev. D 99, 035031 (2019)
“'In the early universe, decays of a long-lived particle
produce B mesons and anti-mesons out of thermal
equilibrium.
These mesons/anti-mesons then undergo CP-violating
oscillations before quickly decaying into visible and
dark sector particles.
Dark matter will be charged under the baryon number
so that the visible sector baryon asymmetry is
produced without violating the total baryon number of

the Universe.”

i ..
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Baryogenesis and Dark Matter

from B mesons
Phys. Rev. D 99, 035031 (2019)

Elor, Escudero and Nelson postulate that:

In the early universe b b pairs hadronize to produce
B mesons

B mesons decay to:
a baryon (B),
a dark-sector baryon (1),
and additional mesons (V)

B— B+y,+M

Roney - Dark Matter and Baryogensis in B decays



Baryogenesis and Dark Matter

[Baryogenesis and Dark Matter from B Mesons: B MesogenesisJ

~

Out-of-equilibrium

late time decay CP-violating oscillations

; ODD

. 1
000
ACSlL §L

TR ~ 15 MeV

\
B-mesons decay into
Dark Matter and hadrons

-~
\ @ Baryon

Br(B = v +B+M)

Dark Matter
(antibaryon)

)

B— B+1y,+ M
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From

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

Phys. Rev. D 104, 035028 (2021)

J.M. Roney - Dark Matter and Baryogensis in B decays



Baryogenesis and Dark Matter

from B mesons
Phys. Rev. D 99, 035031 (2019)

» CP violation from B® — B9 oscillations generates a
matter-antimatter asymmetry, which can originate
from SM or BSM processes

« Because of CP violation, 7— B+ Yy, + M decays
slightly dominate over the B — B + 1, + M decays

Yields net excess of baryons in the visible sector
and excess anti-baryons in the dark sector




Baryogenesis and Dark Matter

from B mesons: B Mesogenesis
Phys. Rev. D 99, 035031 (2019)

» CP violation from B® — B0 oscillations generates a
matter-antimatter asymmetry, which can originate
from SM or BSM processes

B9 decays slightly dominate over B® decays into
anti-baryons

Yields net excess of baryons in the visible sector

and excess anti-baryons in the dark sector
Baryon number in the whole universe is conserved,
a net excess is present in the visible sector

, ty
Wit of Victoria J.M. Roney - Dark Matter and Baryogensis in B decays




Baryogenesis and Dark Matter

from B mesons: B Mesogenesis
Phys. Rev. D 99, 035031 (2019)

“The produced baryon asymmetry will be directly
related to the leptonic charge asymmetry in neutral B
decays: an experimental observable: A,

Dark matter is stabilized by an unbroken discrete
symmetry, and proton decay is simply evaded by
Kinematics”




Baryogenesis and Dark Matter

from B mesons: B Mesogenesis
Phys. Rev. D 99, 035031 (2019)

Their model is not constrained by di-nucleon decay,

does not require a high reheat temperature,

and has unique experimental signals:

* positive leptonic asymmetry in B meson decays,

* new decay of B mesons into a baryon and missing
energy, and

* new decay of b-flavored baryons into mesons and
missing energy.

All three observables are testable at collider




e ||
Followed up by Alonso-Alvarez, Elor and Escudero

PHYSICAL REVIEW D 104, 035028 (2021)

Editors' Suggestion

Collider signals of baryogenesis and dark matter from B mesons:
A roadmap to discovery

Gonzalo Alonso-Alvarez ,1’2'* Gilly Elor ,3’T and Miguel Escudero i

(Received 20 January 2021; accepted 20 July 2021; published 27 August 2021)

“.... This mechanism for baryo- and dark matter genesis from B mesons gives rise to
distinctive signals at collider experiments, which we scrutinize in this paper.

We study CP-violating observables in the BC(I) - BC(I) system, discuss current and expected
sensitivities for the exotic decays of B mesons into a visible baryon and missing energy, and
explore the implications of direct searches for a TeV-scale colored scalar at the LHC and in
meson-mixing observables.

Remarkably, we conclude that a combination of measurements at BABAR, Belle, Belle 11,
LHCb,ATLAS, and CMS can fully test B-Mesogenesis.”

W% University
W of Victoria
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The type of baryon produced depends on the operator mediating the interaction,
leading to a variety of final states. Must explore all possibilities to fully test this
scenario. Four possible flavorful operators that can lead to B-Mesogenesis:

Yp~87x107°BR(B = B+vp+M) Y a,Al

q=s,d

Yy is baryon asymmetry of Universe
measured by Planck Collab

Operator and decay Initial state

Final state

[Astron. Astrophys 641, A6 (2020)]:
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4
The type of baryon produced depends on the operator mediating the interaction,

leading to a variety of final states. Must explore all possibilities to fully test this
scenario. Four possible flavorful operators that can lead to B-Mesogenesis:

Yp~87x107°BR(B—=B+vp+M) Y a,AL; Y is baryon asymmetry of Universe
g=s.d measured by Planck Collab
[Astron. Astrophys 641, A6 (2020)]:

Operator and decay Initial state Final state AM (MeV"

Oyq = yhud B, v+ n(udd) 4301 YB = (ng—ng)/s = (8.718 £0.004) x 107"
b — wud / I

s 1s the entropy den31ty of Unlverse 7 04n,

, . 95% C L
1072 / 7 / @ :
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b — ycs B, w + Q. (css) 2671.7
Bt w + EF (csu) 28104 Alonso-Alvarez, Elor and Escudero

A, w+ D+ K+ 32562 PHYSICAL REVIEW D 104, 035028 (2021)

i
@ of Victoria  AM = difference in mass between initial and final SM hadron J.M. Roney - Dark Matter and Baryogensis in B decays
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Interpret limits as constraints on the Operators

Different combinations of the quarks in the dimension-six
operators lead to different contractions of external momenta.
Given this dependence on the kinematic structure of the matrix
element, the operators are further classified

““Yoe-1" 1
“type ],, Ous = (wpb)(us) Operator types for B® -y, + A
fype-2 Ors = (wps)(ub)

ype-37 O3, = (ypu)(sh) ~ UOTE Z¥prpswap s—d)

type-2 and type-3 combinations have similar phase-space and

BI'(B - B,’j + l/l)

always yields a larger phase-space ratio ( 55-5 & ) than type-1

E—? University
W4/ of Victoria
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Belle’s 2022 paper looked for
B? - p + A

PHYSICAL REVIEW D 105, L051101 (2022)

Search for B’ meson decays into A and missing energy
with a hadronic tagging method at Belle

C. Hadjivasiliou ,61 B.G. Fulsom,61 J.E Strube,61 I Adachi,m’12 H. Aihara,78 D.M. Asner,3 H. Atmaca.n,6 T. Aushev,18
V. Babu,7 K. Belous,28 J. Bennett,47 M. Bessner,15 V. Bhardwaj,21 B. Bhuyan,22 T. Bilka,5 J. Biswal,33 D. Bodrov,lg’3
J. Borah,22 A. Bozek,56 M. Braéko,‘m’33 P. Branchim',30 T.E. Browder,15 A. Budano,30 M. Carnpajola,zg’51 D. (Vlervenkov,5
M.-C. Chang,’ P. Chang,” A. Chen,” B. G. Cheon,"* K. Chilikin,” H. E. Cho,"* S.-K. Choi," Y. Choi,”* S. Choudhury,”

D. Cinabro,82 S. Cunliffe,7 S. Das,43 G. De Pietro,30 F. Di Capua,zg’51 Z Doleial,5 T. V. Dong,10 D. Dossett,46
D. Epifanov,"’59 T. Ferber,7 R. Garg,62 V. Gaur,81 A. Giri,23 P. Goldenzweig,34 T. Gu,64 K. Gudkova,4’59 H. Hayashii,52
W.-S. Hou,” C.-L. Hsu,”” T. I%jima,so"w K. Inami,” G. In3guglia,27 A. Ishikawa,'®'? M. Iwasaki,” Y. Iwasaki,'®
W. W. Jacobs,” S. Jia,'’ Y. Jin,”® J. Kahn,” A.B. Kaliyar,” K. H. Kang,”’ G. Karyan,” C. Kiesling,”” C. H. Kim,"
D.Y. Kim,70 K.T. Kim,36 Y.-K. Kim,84 P. Kody§,5 T. Konno,35 A. Korobov,4’59 S. Korpar,44’33 E. Kovalenko,4’59
P. Kriia.n,‘w‘33 R. Kroeger,47 P. Krokovny,“’59 R. Kumar,65 K. Kumara,82 Y.-J. Kwon,84 S.C. Lee,37 L.K. Li,6 S.X. Li,10
Y.B. Li,® L. Li Gioi,” J. Libby,** K. Lieret,*’ C. MacQueen,*® M. Masuda,”"®® D. Matvienko,***** M. Merola,>’
K. Miyabayashi,”> R. Mizuk,”*'® G. B. Mohanty,” R. Mussa,”' M. Nakao,'®'> Z. Natkaniec,”® A. Natochii,"> M. Nayak,”
N.K. Nisar,” S. Nishida,'*'> K. Nishimura,> H. Ono,”””® P. Oskin,” P. Pakhlov,”**® G. Pakhlova,'** T. Pang,*
S.-H. Park,16 S. Paul,74’45 T.K. Pedlar,42 L.E. Piilonen,81 T Podobnik,4°‘33 V. Popov,18 E. Prencipe,19 M.T. Prim,2

M. Réhrken,” A. Rostomyan,” N. Rout,”* G. Russo,” D. Sahoo,” S. Sandilya,”> A. Sangal,’ L. Santelj,***

T. Sanuki,” V. Savinov,* G. Schnell,"* C. Schwanda,”’ Y. Seino,”® K. Senyo,”> M. Shapkin,”® C.P. Shen,"
J.-G. Shiu,” B. Shwartz,**’ F. Simon,* J. B. Singh,” E. Solovieva,” M. Stari¢,”> Z.S. Stottler,"’ M. Sumihama,''
T. Sumiyoshi,80 M. Takizawa,ﬁg’”’67 K. Tanida,32 F. Tenchini,7 M. Uchida,79 T. Uglov,”’18 Y. Unno,14 S. Uno,16‘12

R. Van Tonder,” G. Varner,"”” A. Vinokurova,"” E. Waheed,'® C. H. Wang,** E. Wang,* M.-Z. Wan§,55
P. Wang,”® X. L. Wang,'® S. Watanuki,”® L. Wood,” B.D. Yabsley,”” W. Yan,*® H. Ye,” J. Yelton,
J.H. Yin,*® Z.P. Zhang,”® V. Zhilich,"* and V. Zhukova®

. (Belle Collaboration) .
(Received 29 October 2021; accepted 17 February 2022; published 4 March 2022)

WWE University .
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Belle’s 2022 paper looked for
B? - p + A

BELLE
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The BABAR Experiment

*Details of experiment: Nucl. Instrum. Meth. A 729, 615 (2013)
Asymmetric collider @ /s = 10.58 GeV at the Y(4S) resonance

9 GeV electrons collided with 3 GeV positrons
*Total Y(4S) luminosity: 4.7x102 BB on peak

BABAR data taking periods

450

400 -
350 L Y (4S) Onpeak
300 -
250 _—
200 L
150 ;

100—

Integrated luminosity (fb™)

50 Y (4S) Offpeak _|

0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Calendar Year

- Y(3S) Onpeak

253_ Y (2S) Onpeak /
C Above Y(4S) )

F Y(3S) Offpeak

g Result based on 398.5 fb! (4.4x108 BB)

8 . f/* Additional 32.5 fb-! used as control and

g / analysis strategy optimization sample
) p— (excluded from final results)

Wl University 2007 December  January February March April 2008
&) of Victoria
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The BABAR Experiment

*Details of experiment: Nucl. Instrum. Meth. A 729, 615 (2013)
Asymmetric collider @ /s = 10.58 GeV at the Y(4S) resonance:

9 GeV electrons collided with 3 GeV positrons
*Total Y(4S) luminosity: 4.7x102 BB on peak

* Reconstruct tracks: Silicon Vertex Tracker
(SVT) + 40-layer Drift Chamber (DCH), in
1.5-T solenoid.
 Momentum resolution = 0.47% at 1 GeV/c
 Measure energy: Electromagnetic Calorimeter
(EMC)
« Energy resolution = 2.9% at 1 GeV.
- PID:

» Identify charged pions, kaons and electrons
using Ring Imaging Cherenkov detector
(DIRC) + ionization loss measurements in
the SVT and DCH.

» Instrumented flux return of solenoid used to

o universi AENTITY muons.

E: of Victoria
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BABAR’s 2023 paper seeking B® - ¢, + A

PHYSICAL REVIEW D 107, 092001 (2023)

Search for B mesogenesis at BABAR

J.P. Lees®, V. Poireau®, V. Tisserand®, E. Grauges®, A. Palano®, G. Eigen®, D.N. Brown®, Yu. G. Kolomensky®,
M. Fritsch®, H. Koch®, R. Cheaib®, C. Hearty®, T. S. Mattison®, J. A. McKenna®, R.Y. So®, V.E. Blinov®,
A.R. Buzykaev®, V. P. Druzhinin®, E. A. Kozyrev®, E. A. Kravchenko®, S.I. Serednyakov®, Yu.I. Skovpen®,

E. P. Solodov®, K. Yu. Todyshev®, A.J. Lankford®, B. Dey®, J. W. Gary®, O. Long®, A. M. Eisner®, W. S. Lockman®,

W. Panduro Vazquez®, D.S. Chao®, C. H. Cheng®, B. Echenard®, K. T. Flood®, D. G. Hitlin®, Y. Li®, D. X. Lin®,

S. Middleton®, T. S. Miyashita®, P. Ongmongkolkul®, J. Oyang®, FE. C. Porter®, M. Rohrken®, B. T. Meadows®,
M. D. Sokoloff®, J. G. Smith®, S. R. Wagner®, D. Bernard®, M. Verderi®, D. Bettoni®, C. Bozzi®, R. Calabrese®,
G. Cibinetto®, E. Fioravanti®, 1. Garzia®, E. Luppi®, V. Santoro®, A. Calcaterra®, R. de Sangro®, G. Finocchiaro®,
S. Martellotti®, P. Patteri®, I. M. Peruzzi®, M. Piccolo®, M. Rotondo®, A. Zallo®, S. Passaggio®, C. Patrignani®,
B.J. Shuve®, H. M. Lacker®, B. Bhuyan®, U. Mallik®, C. Chen®, J. Cochran®, S. Prell®, A. V. Gritsan®, N. Arnaud®,

M. Davier®, F. Le Diberder®, A. M. Lutz®, G. Wormser®, D.J. Lange®, D. M. Wright®, J. P. Coleman®,

D. E. Hutchcroft®, D.J. Payne®, C. Touramanis®, A.J. Bevan®, F. Di Lodovico®, G. Cowan®, Sw. Banerjee®,
D.N. Brown®, C. L. Davis®, A. G. Denig®, W. Gradl®, K. Griessinger®, A. Hafner®, K. R. Schubert®, R. J. Barlow®,
G. D. Lafferty®, R. Cenci®, A. Jawahery®, D. A. Roberts®, R. Cowan®, S. H. Robertson®, R. M. Seddon®, N. Neri®,
F. Palombo®, L. Cremaldi®, R. Godang®, D. J. Summers ,* G. De Nardo®, C. Sciacca®, C. P. Jessop®, J. M. LoSecco®,
K. Honscheid®, A. Gaz®, M. Margoni®, G. Simi®, F. Simonetto®, R. Stroili®, S. Akar®, E. Ben-Haim®, M. Bomben®,

G. R. Bonneaud®, G. Calderini®, J. Chauveau®, G. Marchiori®, J. Ocariz®, M. Biasini®, E. Manoni®, A. Rossi®,

G. Batignani®, S. Bettarini®, M. Carpinelli®, G. Casarosa®, M. Chrzaszcz®, F. Forti®, M. A. Giorgi®, A. Lusiani®,

B. Oberhof®, E. Paoloni®, M. Rama®, G. Rizzo®, J.J. Walsh®, L. Zani®, A.J. S. Smith®, F. Anulli®, R. Faccini®,

F. Ferrarotto®, F. Ferroni®, A. Pilloni®, C. Biinger®, S. Dittrich®, O. Griinberg®, T. Leddig®, C. VoB©, R. Waldi®,
T. Adye®, E. F. Wilson®, S. Emery®, G. Vasseur®, D. Aston®, C. Cartaro®, M. R. Convery®, W. Dunwoodie®,
M. Ebert®, R. C. Field®, B. G. Fulsom®, M. T. Graham®, C. Hast®, P. Kim®, S. Luitz®, D. B. MacFarlane®,
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BABAR'’s 2023 paper seeking B — Yp + p

PHYSICAL REVIEW LETTERS 131, 201801 (2023)
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Method:
Event Reconstruction & Pre-selection

Hadronic recoil tagging method used to reconstruct event
- B-tag = Fully reconstructed Standard Model decay

mode
» B-sig = Potential for signal, search here for missing
mass
-
B-tag candidate must have: \
-200 MeV < AE < 200 MeV L
and @%
5.2GeV < mgg <5.3 GeV %%\ \e+
Where:
— L'k * — E*Z a2
AE = Ebeam _ EBtag MEs \[ beam thag
CMS beam energy minus Beam-energy-substituted mass )

S5 University reconstructed B-tag energy (same as my,)
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Monte Carlo

Standard Model Backgrounds:
qq Uu,d,s,c were modelled using JETSET

BE modelled using EvtGen

Signal:
EvtGen used to generate 8 signal masses separately for p and A:
10,15,2.0,2.5,3.0,3.5,4.0 and 4.2 GeV

Analysis Method:

Samples passed through full reconstruction with

efficiency and resolution determined from fits to MC;

- Functional forms of fit used to extract resolution and efficiency for any given
p Mmass — scan across entire mass range.

In the final analysis, yields were found via a data-driven Poisson
counting method, with background and signal regions defined from
the study of the background and signal MC simulations

(Wi
L
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Further Channel-dependent

Selection Criteria

For the p channel:
- BABAR proton PID can be used to identify proton
candidate;

- signal side must have + charge and only one charged
particle

For the 4 channel:

- one A\ candidate in the B-sig, A = p ;

 two charged tracks required on the signal side;

- significance of the A decay length (flight length/c > 1.0)
» four-momentum kinematic fit x2 of A reconstruction <100

(Charge-conjugate decays assumed throughout) .

Roney - Dark Matter and Baryogensis in B decays




Selection Criteria =

-g 10°) - B ut,dd,ss N
For both channels: o) —p
additional optimization of 10° R -
signal to background
obtained using a Boosted

Decision Trees customized

to each channel

« p cut at vgpr> 0.95 yields
signal purity > 99 %

- A cut at vgpt > 0.75 yields 10k

Require vgpr > 0.75

#Events / (0.02)
2

. . o -
. Signal purity > 99 % 10f e
= 1:E J]m}l "é \HI b 0
|
{ 1 I { P l I 1 1 [1] =S

-1 -08-06-04-02 0 02 04 06 08 1

o Veot
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Quantities input into the BABAR
BDT MVA for Bt - o, + p

« cosine of the thrust vector

« the ratio of the second to zeroth Fox-Wolfram moment for all tracks and neutral
clusters (R»)

TAG SIDE:
« the hadronic decay channel of B meson tag & purity
© AE = El;keam _ Egtag

* Mgg = \[El;kgam — ﬁgztag

« B-tag thrust magnitude (thrust axis defined as the axis which maximizes the
longitudinal momenta of all the particles for B-tag reconstruction)

SIGNAL SIDE:

- total extra neutral energy on signal side in CM frame

« number of neutral particles in the signal side

- the number of 7% candidates on the signal side

« the polar angle of the missing momentum vector recoiling against the B-tag
meson and the signal candidate

sl University
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Quantities input into the BABAR
BDT MVA for Bt - o, + p

e cosine of the thrust vector

o the ratio of the second to zeroth Fox-Wolfram moment for all tracks and neutral
clusters (R»)

TAG SIDE:
« the hadronic decay channel of B meson tag & purity
© AE = El;keam _ Egtag

* Mgg = \/Eggam - ﬁg%rag

« B-tag thrust magnitude (thrust axis defined as the axis which maximizes the
longitudinal momenta of all the particles for B-tag reconstruction)

SIGNAL SIDE:

- total extra neutral energy on signal side in CM frame

« number of neutral particles in the signal side

- the number of 7% candidates on the signal side

« the polar angle of the missing momentum vector recoiling against the B-tag
meson and the signal candidate

University
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Quantities input into the BABAR
BDT MVA for B® - ¢, + A

- The significance of the A decay length
- The x2 of the A fit

- Energy and momentum of A lab frame
- Momentum vector of B,

« cosine of the thrust vector

- the ratio of the second to zeroth Fox-Wolfram moment for all tracks and neutral
clusters (R,)

TAG SIDE:
 the hadronic decay channel of B meson tag & purity
© AE = Egeam _ Egtag

*2 _ %2
beam thag

C My = \[E
- B-tag thrust magnitude

SIGNAL SIDE:

* total extra neutral energy on signal side in CM frame
- number of neutral particles in the signal side

- the number of 7° candidates on the signal side

University .
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Extraction of Final Results

« Reconstruct ¥, from missing energy 4-vector on
signal side

« Scan across mass range, with step size equivalent
to o at that mass

- Extract resolution (G ” ) and efficiency (gyc) from
fits to MC P
* &uc Signal ranges
For A:
5.9x104 for Y, = 1GeV and 2.1x104 for yp = 4.2GeV
For p:
g 1.5x103 for Y, = 1GeV and 6x103 for yp = 4.2GeV

J.M. Roney - Dark Matter and Baryogensis in B decays
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Extraction of Final Results

Estimate signal and backgrounds in data from MC study with
corrections to MC from data-driven studies

e.g.in B - Y, + A analysis:

Evc VS1IN 9)

7.0x10-4
R i . S —— 022-10"%%¥=¢p _191.10~*
g BABAR o l\ BABAR +1o ermor band
30.10 -\\ ¥ mass resolution from signal MC
X i
6.0x10-4F "~ ®
-~ - . . L+ B
= _——— —_—— — S~ 0.08 - \
- ~ - \
- ~~ \
50x10-4 \i\\ A
I N
! S 0.06 \}‘
oo Red: with corrections| N
LOx10~ _— . AN
'Green: before corrections '\ 00| .
i \\\\ \\\
3.0x10-4H{== (-002m}  +0.12m2 - 0.19m,, +065)x 10- A\ \‘Q\\
[| == 1.06 x (~0.02m},, +0.12m3,, —0.19my,, + 0.65) x 10~ i 0.02- i
[| ® mCEM wio correction \ The
L[ §  MCEf. w/ correction: 1.06 + 0.08 N Y Y A R e &
2.0)(10_4 ............................. | IR Y] P R R RPN R S S
0.5 1.0 L5 20 25 30 3.5 eV 20 ' 1.0 15 2.0 25 3.0 35 1.0
my,, [GeVic?] m,, [GeV/c?]
_ _ * TR N\2 | =22
ml/JD = Myniss = J(EBsig EA) |szig p/ll
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Extraction of Final Results

_ ) _ * _L'*N\2 _ |=* 32
mlIJD = Mypjss = (EBsig EP) |pBSig ppl
35 - -e-data — Signal 6 BABAR -.
C —BB - BE -o-data II ]
— 3:_ cc —uds X CE ]
> o © B ut,dd,ss ]
S = -
= F BABAR 2 4f HBB ;
S 2 o | HBB 5
T °F 5 3 ==signal ]
2 150 Y :
c C [)] r
i £ '-
s 1? s 3 Y X1 1 $e o ¢ i o0 uC_' ]
- 1 ;
s Bl A T :
IR . mik
85 L1 1 11l 115I doy 1 2 | s |25 S 3 : 35 : l4 I O 05 1 1.5 2 2.5 3 3-5 4 4-5 5
m, [GeV/c? m_... [GeV/c?]

B’ - ¢y, + A BT > Yp +p
41 events survive in data 47 events survive in data
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Extraction of Final Results

_ ' _ * _L'*\2 _ |3* A2
mlIJD = Mypjss = (EBsig EP) |pBSig ppl
35 - -e-data — Signal 6 BABAR -.
- —BB° —BF -e- data II ]
&~ 3= — - cC E
S o O S BABAR
S - © B ut,dd,ss ]
o 2.5 > -1 ]
B BABAR 2 4r HBE ;
S 25 2 WEB
T °F 5 3 ==signal ]
2 150 o :
C C [} o
N X '-
s 1? 'y ] Y X1 1 $e o ¢ i o0 uC_' ]
- 1 .
05| N R '
IR . uik
85 L1 1 11l 115I doy 1 2 | s |25 S 3 : 35 : l4 I O 05 1 1.5 2 2.5 3 3-5 4 4-5 5
m, [GeV/c? m_... [GeV/c?]

B’ - ¢y, + A BT > Yp +p
41 events survive in data 47 events survive in data

2.30 at 3.7 GeV: largest local significance

=> a 0.4 o global significance
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Extraction of Final Results

_ ' _ * _L'*\2 _ |3* - N )
mlIJD = Mypjss = (EBsig Ep) |szig Ppl
35 - -edata  —Signal 6 BABAR -.
C —BB - BE -o-data II ]
&-\ 3:_ —uds . CE :
S - © B ut,dd,ss ]
o 2.5 > -1 ]
B BABAR 2 4f EBB ;
S 2 o | HBB 5
T °F 5 3 ==signal ]
2 150 Y :
c C [)] r
8 g2 '-
:“: 1? X N1J o SO0 ¢ 6 by 00 ﬁ :
- 1 ' E
s O ' :
i L | o 4 mik s il
85 L1 1 11l |15| doy 1 2 | s |25 S 3 : 35 : l4 I O 05 1 1.5 2 2.5 3 3-5 4 4-5 5
m, [GeV/c? m_... [GeV/c?]

B’ - ¢y, + A BT > Yp +p
41 events survive in data 47 events survive in data

2.30 at 3.7 GeV: largest local significance  3.50 at 3.3 GeV: largest local significance
=> a 0.4 o global significance => a 1 o global significance
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Final Results

= B0 -
2 ‘BABAR
3. 5
T =
o
om
=
(aa)
S
- —
E
-
—
a
= L

10—6 -

Ol = (ypb)(us)  —e— Belle Experiment
= BABAR Experiment
g";‘,fz‘;j’,‘(‘;‘;; — (this work)
us

1.0 15 2.0 25 3.0 35 4.0
m,,, [GeV/c?]

Phys.Rev.D 107 (2023) 9, 092001

WWE University .
: 3 of Victoria J.M. Roney - Dark Matter and Baryogensis in B decays




Final Results

BT > yYp+p

[
=
IS

|BABAR

[
9
(%)

=
9
(o))

Oy = (ypb)(ud)
O2, = (ypd)(ub)
O34 = (wpu)(db)

BABAR Experiment
(this work)

Upper Limit of Br(B*-yp + proton)

Phys.Rev.Lett. 131 (2023) 20, 201801
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Final Results

-4 e 1O
Sl
> (e}
T [,
- S
@ - +
= o
faa] =Y
5 105 ¢ J 1073
= - o
E 5
= G
a o
a
= 106} § 105 0}g = (yob)(ud)
OL = (ypb)(us) —e— Belle Experiment o ggdj‘”"d;tgg;
©2, = (yps)(ub) BABAR Experiment o I = WA S
- " (this work) - BABAR Experiment
&3, = (ypu)(sb) ) (this work)
1.0 15 20 25 3.0 35 40 1.0 15 2.0 25 3.0 35 4.0
m,, [GeV/c?] My, [GeV/c?]

Phys.Rev.D 107 (2023) 9, 092001 Phys.Rev.Lett. 131 (2023) 20, 201801

World-leading result for BY - 1, + A improving on Belle result and further
constraining models

First direct search for B* - ¢, + p places tight constraints on the specified
model of Dark Matter + Baron Asymmetry of the Universe
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If you send us with a theory sensitive to the
BT —» Missing+ p

we’ll set a limit on it, but you needed to act fast
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If you send us with a theory sensitive to the
BT —» Missing+ p

we’ll set a limit on it, but you needed to act fast
(‘cause we already published .... :)
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Probing R-parity violation in B-meson decays to a
baryon and a light neutralino
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Abner Soffer/ and Zeren Simon Wang?"

BY - 3{6 + A Cast the measurements in terms of the

RPV coupling, 17,5 (for A) or 17,5 (for p),
Yo is the lightest neutralino divided by the relevant squark mass squared
as function of the neutralino mass
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- Using BABAR data Using preliminary results from

G X100 1 “Search for B Mesogenesis at BABAR”
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BABAR result on RPV search

Use B™ — ¢, + p search to

provide first limit on RPV /s 2
SUSY model A13 /m2(§) vs _ 7 {
m(y°) described in JHEP S 8
2023 (02 224 (2023)) Hia
10-5: ..................................... - 75
X1
A g pa
% u/d —
<}
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BABAR results on RPV searches

First limits on this SUSY model for both channels

S
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JHEP 02 (2023) 224 Phys.Rev.Lett. 131 (2023) 20, 201801
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Summary & Next Steps

In 2023 BABAR finalized & published
results on

B >y, + A
Search for B mesogenesis at BABAR,

BABAR Collaboration, Phys.Rev.Lett. 131 (2023)
20, 201801; 2306.08490[ hep-ex]

and BT - ¢ +p:

Search for Evidence of Baryogensis and Dark
Matter in Bt - {p + p at BABAR,

BABAR Collaboration, Phys.Rev.Lett. 131 (2023)
20, 201801; 2306.08490[ hep-ex]
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Summary & Next Steps

B-Mesogenesis parameter space vastly reduced, almost
excluded for some operators

Must explore additional operators to fully exclude this
B-Mesogenesis model
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Summary & Next Steps

B-Mesogenesis parameter space vastly reduced, almost
excluded for some operators

Must explore additional operators to fully exclude this
B-Mesogenesis model

Coming soon from BABAR:

B > Yy +7~ + AF
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Summary & Next Steps

We also look forward to seeing Belle Il address the operator
regions where we have not been able to exclude

B-Mesogenesis once it collects sufficient data from its high
luminosity running

B - yp + A B* >yp+p

-4 .
-l
> o
T [
o Q
m +
by = [=)
om =Y
S 105 ¢ +T
= . o
E 5
e G
fa =
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S o6 g 10-6 - 0%y = (Wob)(ud)
OL = (yob)(us) —e— Belle Experiment o gé":fﬁ;i;g;
N o 'ud = \Yp
Ofs = (yps)ub) (BtﬁgAonig)erlment Qo BABAR Experiment
O3, = (ypu)(sb) > (this work)
1.0 15 2.0 2.5 3.0 35 4.0 1.0 15 2.0 25 3.0 35 4.0
m,, [GeV/c?] my, [GeV/c?]

Phys.Rev.D 107 (2023) 9, 092001 Phys.Rev.Lett. 131 (2023) 20, 201801

»¥% University .
@ of Victoria J.M. Roney - Dark Matter and Baryogensis in B decays




Thankyou for your attention...




Additional Information




PHYSICAL REVIEW D 104, 035028 (2021)

Discussion of Operators in

C. Exotic B-meson decays

As discussed in the Introduction, one of the key
predictions of B-Mesogenesis is the presence of a new
decay mode of B mesons into a dark antibaryon y, a visible
baryon B3, and any number of light mesons with a branching
fraction Br(B — wBM) = 1074,

In order for the B — wBM decay to exist, a new BSM
TeV-scale bosonic mediator is needed. In particular, this
state should be a color-triplet scalar Y which couples to y
and SM quarks. The LHC and flavor observables set
relevant constraints on the mass and couplings of this
color-triplet scalar which we discuss in detail in Sec. V.
This heavy mediator can be integrated out to yield a low

2
energy Lagrangian of the form L. = Z O, d; —5— with
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yl?j being the product of the two relevant dimensionless

couplings. The four possible flavor combination operators
O; of interest for B-meson decays are

O,a = wbud, (15a)
O,s = wbus, (15b)
O.q = wbcd, (15¢)
O., = whbecs, (15d)

where all fermions| are assumed to be right—handed6 and
color indices are contracted in a totally antisymmetric way.
These operators can induce the decay of the b quark within
the B meson into two light quarks and a dark antibaryon .
The resulting possible hadronic processes are summarized
in Table I for the different operators in Eq. (15). Matrix
elements involving the operators in Eq. (15) depend on
the precise pairing of the spinors. Each of the operators
can come in three different versions: “type 17
Oj; = (wb)(uid;), “type 27 OF; = (wd;)(u;b), and “type
3” (’)?j = (yu;)(d;b). This distinction becomes relevant for
some of the constraints discussed in the next sections.
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TABLE I. The lightest final state resulting from the new decay
of b quarks as necessary to give rise to baryogenesis and dark
matter production. We list each of the possible flavorful operators
that can equally lead to B-Mesogenesis; see Eq. (15). For a given
operator, the rate of each decay is fairly similar given that

mps = mpo = mpo ~ My, . AM refers to the difference in mass For each operator O,-j = l//bbl,dj, the phase-space inte-
between the initial and final SM hadron. Note that additional light gration depends on the matrix element obtained from the

mesons can be presentin the final state, which act to decrease AM

: : effective Lagrangian (45a). Different combinations of the
by their corresponding masses.

quarks in the dimension-six operators in Eq. (15) lead to
different contractions of external momenta. Given this

Operator and decay Initial state Final state AM (MeV)

Oua = ybud gd ‘/’+7\(“‘(11d) j;fj“l)-; dependence on the kinematic structure of the matrix
b= yud Bt ;’;i p((sm‘ji 43110 element, we choose to separate the results of different
A, 7 + n° 5484.5 quark combinations in Figs. 6 and 7. In these figures,
O, = whus B, w + A(usd) 4164.0 the left panel corresponds to the “type-1 operator O}j —
b —yus 5 v+ Ef:(um) 4025.0 (wb)(u;d;), while the right one corresponds to the “type-2”
B + X7 (uus 4090.0 =
A, v y-,+§<lol ) 5121.9 and “type-3” cases OF; = (wd;)(u;b) and OF; = (yu;)(d;b),
Ouy = whed By w4 A.+r-(cdd) 28536 for which the phase-space mtegragon.ls very smnla'r. Note
b — wed B, w+E(cds)  2895.0 that the type-2 and type-3 combinations always yields a
i* v+ AL (_fgcu) ggzi-g larger phase-space ratio than the type-1 one. This means
b v+D ' that it is easier to probe the inclusive branching ratio
Ocs = ybes B4 v +Eo(csd)  2807.8 B — wBM by measuring the exclusive channel B — y B if
b —wycs B, W+ Q.(css) 2671.7 e Bock t ittt t
B v+ Eb(esu) 28104 e effective operators are of the former types.
A, W+ D™ +K* 3256.2
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B decays through Oj; = (¥b)(uid;) B decays through O}; = (1d;)(u;b) or O = (¢hu;)(d;b)
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FIG. 6. Fraction of B* — ywBM decays that are not expected to contain hadrons other than B in the final state, as a function of the
mass of the dark fermion y. Different colors correspond to decays induced by the different operators listed in Table I. Each panel
corresponds to a different kinematic structure of the effective four-fermion operator as listed in Table II. The width of the band represents
an estimation of the uncertainty in our computations and is obtained by varying the b-quark mass used in the calculation between

iy (u = i), mb (solid line), and mpo.
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FIG. 7. Same as Fig. 6 but for B) — wBM decays.
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