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 BABAR overview

 Exclusive B — D/v form factor measurement

- Phys. Rev. D 110 (2024) 3, 032018
e B baryogenesis searches:
- B" —>p+wyp  Phys. Rev. Lett. 131 (2023) 20, 201801
- B’ > A+wyp  Phys. Rev. D 107 (2023) 9, 092001

- B"— A"+ vy  Phys. Rev. D 111 (2025) 3, L031101

BABAR DETECTOR FORTHE PEP-Il B FACTORY
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. BABAR experiment

Asymmetric B Factory experiment at the
SLAC National Accelerator Laboratory

e 53 fb' non-resonant “off peak”

Detector optimized for tracking
and B vertex reconstruction,
K - & particle identification,
precision calorimetry, and p 1D

* Clean environment with large solid-
angle detector coverage and good
missing energy reconstruction

* Inclusive trigger (Ntracks>3) as
well as dedicated low-multiplicity
triggers

BABAR collected data from1999 until 2008

432 fb™ Y'(4S) “on peak” (~470 x 10° BB pairs)

Smaller samples at the Y'(2S) and Y'(3S) energies
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CUSB (https://inspirehep.net/experiments/1109659)
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s Methodology

B meson decays with missing energy have limited kinematic information
available to uniquely identify the signal decay

- Instead, exclusively reconstruct one of the B meson decays (“Tag B”) in
one of several thousand possible hadronic decay modes, then look for
the signal decay in whatever is left over:

*)0 *)+ S usonEl
D( ) , D( ) §m§_
Signal Fom
B ™’ > 3
C. g < 10000;—
B* —A My, st
s T B {25 5255 526 5265 527 5275 52:1Es5[2(§5eV]
ag y
o
e t\:\I’D exclusively AE = E;,, —Vs/2,
\_/en reconstructed
missing energy mES = \/8/4 — |Pragl®

- Advantage: improves knowledge of signal kinematics and missing energy,
and strongly suppresses combinatorial backgrounds

- Disadvantage: low reconstruction efficiency (~0.1%)




)" B — Dlv introduction

Semileptonic B decays occur via tree-level processes
mediated by the charged-current weak interaction

* Provide experimentally clean and high-statistics
measurements of CKM matrix elements Vy, and Vb

Inclusive measurements:

B—-X,/lv, B— X/l

B = |qu\2 [F(b — qlvg) +1/mep + s + .. ] q =Py - Pp is the 4-momentum
Heavy Quark Expansion of the recoiling /v system.
Exclusive measurements: m% +m2, — g2
- 2mpmp

B — D*lv, B— Dlv, B — nlv etc.

is the recoil parameter characterizing
B x ’qu‘@ Form factors the boost of the D meson in the

B meson rest frame, and

DBy (7)o + o) - IRV} () fpm L) 0, b= mpva? — 1

« In massless lepton limit, the differential decay rate Alternatively expressed in terms of:
depends only on the vector form factor: , Ar ,
G(w)* = 5 [+(w)
dr G2 Vi |22 )
_ TFr|Veb| MEW 3.3 212 gin2 @ th
dg2d cos b, 3273 1£+(g7)[" sin” O "

r = mp/mp




. B — Div

New BABAR B — DIv measurement follows methodology of an
earlier paperon B — D[v:  Phys. Rev. Lett. 123 (2019) 9, 091801

« Utilizes full BABAR Y(4S) data set of 426 fb™",
equivalent to ~471 million BB events

* Exclusively reconstruct the accompanying “tag” B
meson in Y'(4S) event in one of many hadronic
decay modes

The remaining detector activity defines the
signal B candidate:

* |dentified lepton is combined with a reconstructed

[=e,u

o

v
Signal B { y
DO D+/

D meson

» FE.ra variable sums energies of anything not used
for either signal or tag B reconstruction

Reconstruct signal B — D/v in e and pu modes:
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D' —- K ma » modesin total
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https://arxiv.org/abs/1903.10002

. Candidate selection

s —— Data

\ Signal

\ D* feed-down

\ Other bkgd
e )

1 1 I | | 1 1 | | 1 1 1 |

Missing energy 4-vector computed from 15001
overall event kinematics: -
Pv = Pmiss = Pete— — Ptag — PD — D¢ > I
— J¥* |t k* = 10001
U= Emiss pmiss| a =
Computed in 2 -
B rest frame Qo i
g 500
« Background differs in each signal mode, and I
varies with g and cos@); of signal lepton i
« Signal and background parameters determined -0.2
from fits in ¢ and cos®; bins to simulation:
-+ —~Truesim. | | o Bkgd.sim. .+
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Events/10-MeV

lepton helicity distribution follows
expected sin?0; distribution:

Events/10-MeV

Local fit results

Signal events identified using unbinned “local” fits to data to determine
signal probability event weight 0O;

Approximately 5500 signal events are retained for amplitude analysis:
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m ¢ F fact It
= orm r1actior resuits
Form factor results obtained for BGL and CLN models: | BGL N =2 value
|Ven| x 10°  41.09 £ 1.16
sook E U ] alt x10  0.126 £0.001
oo 1, 17 ++£i$$ al*  —0.096 £0.003
g0 ™ | 2000 et 4 E alt 0.352 =+ 0.053
Q 200" et ; ER: i ; shy 2
S Miﬂé | 1500 4 g . al® —0.059 + 0.003
g 150 +yity 1.0 Y al° 0.155 % 0.049
o 100:—+D ; %% - 100; 3 + Data (bkgd. subtracted) 43 R
T - ata (bkgd. subtracted) g B C * ]
sol- Y, o s0L ® o Yo ]
o_#BG'L-Wei‘T:'hte‘.JI i %ﬁ'g 0;'. ‘ %B C‘;L-‘w‘.ﬂgr t?d‘s“ln.. e CLN value
’ GV . Voo x 10° 4090 £1.14
G(1)  1.056 4 0.008
E 5 1.155 4+ 0.023
. E Fits with different background
8 . configurations obtain consistent
E E parameters
% * No significant difference between BGL
] with N=2 or N=3; no improvement in fit
| from including cubic terms:

C 1 1 L 1 | 1 I | 1
0 5 10

42 (GeVd) Phys. Rev. D 110(2024) 3, 032018



https://arxiv.org/abs/2311.15071

- B Baryogenesis

Model provides a possible mechanism to explain dark matter abundance and

baryon asymmetry of the universe (BAU):

« Baryon number conservation includes both visible and dark sector

« Postulates the existence of a light dark-sector anti-baryon (Wwp) and a TeV-scale color-triplet

bosonic mediator (Y)

*  Matter — antimatter asymmetry arises from CP violation in B - B oscillations

« BAU results from B meson decays into a baryon and a dark sector anti-baryon yp (+ mesons)

G. Elor, M. Escudero and A. E. Nelson, Out of equilibrium
Phys. Rev. D 99, 035031 (2019). e Hime deciay
G. Alonso-Alvarez, G. Elorand, and M. _
Escudero, Phys.Rev. D 104, 035028 (2021). b

Q) <
b
Tgr ~ 15 MeV
k

CP violating oscillations

DOE

I ]
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ASL SL

ﬁ
B-mesons decay into

Dark Matter and hadrons

Dark Matter
(anti-Baryon)

Br(B—>v¢y+B+M)

Visible and dark sectors have equal but opposite baryon number asymmetries, but

total baryon number is conserved

*  Experimentally testable predictions of B — wp + B (+ additional light mesons)
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" Decay modes

Baryon asymmetry is produced by BY decays, but the same operators
produce analogous charged B" decays as well:

Operator Initial Final AM
\'% COUpleS b to and Decay State State (MeV)
u, and d to Bg Y +n (udd) 4340.1
YD o, = wbudll B b+ A(uds) | 4251.2
b—Yud Bt Y+ p(duu) | 4341.0
Ay Y+ 70 5484.5
By P + A (usd) 4164.0 @
Ous =Pbus B, Y+ 20 (uss) | 4025.0
b—vus BY ¥+ 3T (uus) | 4090.0 T v/
« Expect only A, b+ K°  |5121.9 B
one of these Ba |4+ Ao+ (cdd)| 28536 - > A
operators to Cu=vbed | B | wiZlled a0 .
. —yPc + A; (acu
dominate Ay p+D 3754.7|
? Bl 2150 (05d),, 328078 A
Ocs = ’&bbCS IIIIIII El.sl‘ IIIIIIIIIIIII %-Ttugﬁugucufusu) IIIIII 2671.7 [UsT
b—es ff BT | W+ 21 (csu) 128104 Bt A,
Ay Y+ D"+ Kt |3256.2

« B" and By modes potentially accessible at B factory experiments

11
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Decay modes

Baryon asymmetry is produced by BY decays, but the same operators
produce analogous charged B" decays as well:

Operator Initial Final AM
and Decay State State (MeV)
By ¥ +n(udd) |4340.1
Ouqa =Y bud B; ¥ + A (uds) 4251.2
b—Yud Bt 2 + p (duu) 4341.0
As B+ 7° 5484.5
By ¥+ A (usd) 4164.0
Ous =Pbus B, ¥+ EY (uss) |4025.01
b—vus BY ¥+ 3T (uus) | 4090.0
Ay ¥+ K° 5121.9
By |Y+A.+7 (cdd)|2853.6
Ocq =1pbed B P+ Z2 (cds)  |2895.0
b—Yed Bt Y+ AT (dew) | 2992.9
Ay $+D" 3754.7
B ¥ +E20(csd) | 2807.8
Oc =1 bes B; Y+ Qe (css) 2671.7
b—cs Bt Y+ =8 (esu) |2810.4
Ay Y+ D"+ Kt |3256.2

« B" and By modes potentially accessible at B factory experiments

12



§ Reconstruct accompanying B meson from
8 Y'(4S) — B"B"and (or B°B’) and look for signal
S signature in the remainder of the event:
o
£ * identified proton (and no additional tracks), or
L
B"— p yp » reconstruct A’ — p ', including displaced vertex
Bi,g candidate significance requirement and kinematic fit
82 521 5.22 5.23 5.24 5.25 5.26 527 5.28 529 5.3
me[GeV/c?] _
% 105 + B_’i_BAR
«10° % B'— P Vb . ::;ta
N 2 104 - T
3 450;_B0—> A td; fziinm E .m:,c_ld,ss
%4005— VD s Boosted decision 10°] - -;,;o
T 3501 tree used to — — signal
£ 300 suppress continuum
2 o501 backgrounds based 10
P on event shape and ]
- kinematic variables
150:— -1 -08 -06 -04 02 0 02 04 06 08 1
1002_ VeoT
50F

£07 708 1.08 1.1 1.111.12 1.13 114 1.151.16 1.17 The dark sector yp escapes undetected, but can
GeV/ . : .
™ [Gevic] be inferred from the event kinematics

13



" Dark anti-baryon reconstruction

Entries per 10 MeV/c?

Missing energy 4-vector of “recoil” against
the p or A yields the yp invariant mass Miniss C> = \/(11«71,;;',"5ig —E)? —|Pg,, —DP,|%c?

sig P

* For B— p yp, mpiss resolution varies from ~110
MeV/c? (low mass) to ~11 MeV/c? (high mass)

w
(4]

41 events pass signal selection

C\g - -edata  —Signal
] ] > C —B%B’ BB
* Background estimated directly from mumjss 2 3 B— A ‘]I’D @ —uss
sideband data S F 2 GeV signal hypoth¢sis
T 25 with arbitrary scaling
. i g
6 = o F
T il g
5 _: 1}1 ’ * ou 1o oo oo
3 _: : 11 | | T J_ | 1 I 1 Lol | - 1 I L L
. 8.5 1 1.5 2 2.5 3 3.5 4
. Miyjss[GeV/c?]

i 1L
Iy I
obll ~ — el Scan the recoil mmiss distribution in steps of

0 05 1 15 2 25 3 35 4 45 5 ) :
(GeV/c] o(mmiss) for evidence of a narrow signal peak
above a smoothly varying background

mmiss.

46 events pass signal selection

14
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Branching fraction limits

B—pyp

« atotal of 127 mass hypotheses are tested

 largest local significance @ 3.3 GeV/c?
corresponds to ~1 o global significance

B— A yp

- 193

mass hypotheses are tested

* largest local significance @ 3.7 GeV/c?
corresponds to ~0.4 o global significance

)

'—l

o
.

10—6 ]

Upper Limit of Br(B*—yp + proton

B— p yp
Phys. Rev. Lett. 131 (2023) 20, 201801

0Ly = (ypb)(ud)
OFy = (ypd)(ub)
OFq = (wpu)(db)

BABAR Experiment
(this work)

1.0

15 20 25 30 35 40
My, [GeV/c?]

)

=

o
~

B—>A\|ID

Upper Limit of Br(B°-wpA
=
<

=

o
>
T

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

Ol = (ypb)(us)

O2s = (yps)(ub)
O35 = (wpu)(sb)

(this work)

#— Belle Experiment
BABAR Experiment

10 15 20 25

3.0 35 4.0
my, [GeV/c?]

Branching fraction 90% confidence limits
obtained at level of 10° — 10 for both

modes:

« Probes effective operators O;; = (wpb)(qiq;)

with ¢;=u and g;=d,s

» Results exclude a large fraction of the

model parameter space

15


https://arxiv.org/abs/2306.08490
https://arxiv.org/abs/2302.00208

)" Decay modes

Baryon asymmetry is produced by B’ decays, but the same operators

produce analogous charged B" decays as well:

Operator Initial Final AM
and Decay State State (MeV)
By Y +n(udd) |4340.1
Ouwa =9bud|| Bo o+ A(uds) | 14251.2
b—gud { BY L. P hp(duy) | 143410
Ap Y+ 5484.5
By ¥+ A(usd) 14164.0
Ouws =vbus|| B, | b+ 20 (uss) | 4025.0
b—Yus BY ¥+ 3T (uus) | 4090.0
Ay ¥+ K° 5121.9
By |+ Ac+ 7 (cdd)|2853.6
Oca =1bcd B; Y+ E2 (cds) | 2895.0
b—cd B* Y+ At (dew) §2992.9
Ay Y+ D 3754.71
By Y +E29(esd) | 2807.8
O.s =1vbes B, Y+ Qe (css) 2671.7
b—cs Bt Y+ =8 (esu) |2810.4
Ay Y+ D"+ Kt |3256.2

« B" and By modes potentially accessible at B factory experiments

16
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B+ N \I’]) + Ac+

Operator O.; = wbcd can be accessed via B — A"y, mode

Hadronic tag reconstruction of Bi,e with AC+ candidate
reconstructed from remaining tracks

A =
A." reconstructed via A" - p K 7" c

C

(all charged tracks)

- >y
> 300
[ Data
S + BaBax e’ qf (a=uds) E‘.’er?h\’
B [ Je‘e’ = cC mIsSi ner
Q '_lﬁ—‘— e'e —B°B
S - L e e Ll Signal MC
o 200F
() L . . .
= - 4= « Require exactly three high qualit
P + q y gh quality

tracks, satisfying A,” — pK n" charge

100F and particle ID expectations

50 e Backgrounds arise primarily from qq
B (continuum); very low background

82 521 522 523 524 525 526 5.?7' 528 529 53 from B — baryons + X;
m.q (GeV)

Analysis based on 399 fb™ of data (~2 x 108 B'B" events), with an additional 32 fb™
used for (unblinded) analysis optimization and subsequently discarded

17



Signal reconstruction

Continuum AC+ events and B — baryons+X

backgrounds typically have low missing
energy and additional neutral particles

besides the Btag and AC+ candidates

%
[]
Signal A~ reconstruction is validated using mgg sideband region data
e Clear AC+ peak visible from continuum qq (q = u.d,s,c) with an incorrectly reconstructed Btag
« Not present in continuum MC, but enables data-driven background estimate in mg¢ signal
region, as well as check of resolution of m(pKn) in data
S 240 - BAB
(O] C [ ] ata A AR
O 220F- [ ]e*e — qq (q=uds) +
0 200;— [ Je*e —cC
S 180f- [ Je'® BB _+_
S‘ 1605— ete — B’ B’ | |
8 1405— _+__+__+_ ***** _+_ _+_ _+_—+'+'
g 120F _ﬁ=+-

[x

%

N
52

225 226 227 228 229 23 231 232 233
m(pKn) (GeV)

A." candidates in mgg sideband region

* Multivariate (BDT) selector to suppress
remaining backgrounds

« 14 inputs, based on overall event shape, B
properties, A" candidate properties, and
additional detector activity in the event

tag

18



" Background rejection

Boosted decision tree (BDT) provides extremely high suppression of

remaining backgrounds with little loss of signal efficiency

e Data [ Je'e’ — qq(g=uds) [Je'e — cC e'e - BB e'e’ - B°

B’ ==:Signal MC

e 32fb" data sample used for
input validation and training,
then discarded

« Signal samples spanning full
kinematically accessible yp

s,....BOT cut

BABAR |

mass range.
* Optimization performed blinded

 Require BDT score > 0.99

No events survive BDT selection ( ~0.4 expected background )

» Three events close to signal region were examined and found to be
consistent with qq continuum production of A

BDT score

19



L *. Res u Its Phys. Rev. D 111 (2025) 3, L031101

Signal significance determined as a function of y; mass by scanning
across m(yp,) in steps of o(m(y))

 4-vector of y, obtained from inferred BSig kinematics in range
0.94 <m(yp) <2.99 GeV/c’

« m(yp) resolution varies from 60 — 20 MeV/c* as a function of mass

o Branching fraction limit @ 90% CL
g BB — Ay, )<(1.6-1.7)x10*
10 over kinematically accessible mass range
=
ks
T Lo Exclusive B"— A_ "y, branching fraction
=4 expected to range from 10% - 100% of
§ inclusive B(B" — A_" yX), depending on
) el Ol = (ob)(cd) —— aﬁiAvf’{oEri;)eriment mass
] 024 = (ypc)(bd) . .
Ogj=(Z§§,(bc) » Substantial new constraint on model
; : ; : : : : parameter space for O_; operator
1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75

my, [GeV/c?]

20


https://arxiv.org/abs/2412.06950

. Conclusion

Clean B factory environment is extremely well suited to studies of B
decays with missing energy

« New measurement of form factors in B — Dlv Phys. Rev. D 110 (2024) 3, 032018

« New results for B" — A yp search constrain B-baryogenesis operator O_; = wbcd,
further restricting the model space from two 2023 BABAR papers probing

operators O, ; = wbud and O, = wbus
BABAR DETECTOR FORTHE PEP-Il B FACTORY B" - p+vyp Phys. Rev. Lett. 131 (2023) 20, 201801
B’ - A+yp Phys. Rev. D 107 (2023) 9, 092001

B*— A +y,  Phys.Rev. D 111 (2025) 3, L031101

Unique BABAR data set remains
productive more than 15 years after
the end of data taking!

21
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Extra Material
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BABAR collected data from 1999-2008

BABAR data sets

432 b Y (4S) “onpeak”
(~470 x 10° BB pairs)
53 fb™ non-resonant “offpeak”
- collected ~40MeV below Y'(4S) peak

Samples of “narrow Y~ events
collected during last few months of
running:

- 122 x 10° Y(3S) decays

- 99 x 10° Y(2S) decays

Process Cross section (nb)
bb 1.1
cc 1.3
light quark qq ~2.1
TT 0.9
e'e ~40

As of 2008/04/11 00:00

Integrated Luminosity [fb™]

300

200

BaBar

ar

EP Il Delivered Luminosity: 553.48/fb
aBar Recorded Lumino:

BaBar Recorded Y(4s): 432.89/fb
BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb

sity: 531.43/fb

Off Peak Luminosity: 53.85/fb

100

ollLl 0 O R RRARRRVRRRRRRY

T T G T T
23 T I T :
= 5 | 1
g o} :'I | ]
g ' | :
A -
o it I ]
T 10F +r II. IF-.\ I _.
+@ : ? } o |
L o5t X i * ¢ 7
b bad e b L, :
Y(1S)  Y2S) Y(3S) | Y@s) %

8.44 046 10.00 10.02 1034 10.37 10.54 10.5% 10.62

Mass (GeV/ic)
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" B — DIv signal yields

Signal events identified using unbinned “local” fits to data to determine signal
event weights

¢}, — qﬁj |
« fit 50 “nearest” events in phase space to 9i; = Z [ . with n=22:
obtain a signal quality factor k=1 /‘k Pi=q", cost
Qi = SZ(UZ) ry is the range of q2 and cosf,
;=
Si(Ui) + Bi(Us) ¢~ D  decay mode mode Nsig Npkgd
K nt 0 539 63
« total yields are obtained by summing the e D° K ntn° 1 813 196
event weights K nte—nt 2 550 82
_ K nmnt 3 721 41
_|_
y=> Qi © D7 gertata® 4 204 120
i K—rnt 5 433 64
— O — 4,0
« fit configurations are varied to consider po D Komtm 6 798 221
_ _ - pt K nrn™ 8 665 55
Approm_mately 95500 _S|gnal evente K K ntrtn® 9 233 134
are retained for amplitude analysis Tot4l 5563 )1061

24



Events/0.25-GeV?

* F fact It
o orm 1actor resuits
BGL parametrization: BGL N =2 value
[Vep| x 10°  41.09 £1.16
« Expansion variable: z(w) = (Vw+1-v2)/(Vw+1+2) alt x10  0.126 4+ 0.001
N al*  —0.096 % 0.003
fi(z) = Y akz", i€ {+,0)  dn freeparameters al+ 0.352 + 0.053
Z) =0 N=2.13 Pi(z) Blaschke factors a{o —0.059 + 0.003
, ®,(z) non-perturbative functions ago 0.155 - 0.049
300 bt 1 250~ ié External inputs:
o ENN
= MW | 200- gﬁ%**“ ‘* #y Ltotat (&) = — 210 £(Z) [aaman + X (Z) [ pene
200 $ + ] C ‘# %
- 4 $$a$ 150 é ] + x*(®)|lrNaL/MILC
150~ pet 1.0 M B, |
1 100 § - R. Glattauer et al. (Belle CoIIaboratlon)_,
100 +Data (bkgd. subtracted) %%ﬁ g I + Data (bkgd. subtracted) +g Phys. Rev. D 93, 032006 (2016), arXiv:1510.03657 [hep-ex].
50_# BGL-weighted sim. ﬁ%"*@ _ >0 :_, # BGL-weighted sim. ‘aé %h/;s.B Sg(\e/y Stgazl', %F3N4é<|5gvy2|_o%5%?!1?%\);:?%%2’07237 [hep-lat].
S s 10 9?"”-ol.sl‘lléuuofsl”'a
g2 (GeVz) cos 6,
CLN form based on HQET and takes into CLN value
. . . 3
account QCD dispersion relations [Ves| x 10°  40.90 £+ 1.14
G(1)  1.056 + 0.008
* Only two parameters, normalization and slope. 2 1.155 £0.023
PD

G(w)

= G(1)(1 — 8p3z(w) + (51p% — 10)z(w)? —

(25203 — 84)z(w)?)
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. Form factor results

Fairly good consistency seen between B — D form factor measurements
and B; — D, heavy-HISQ lattice calculations by HPQCD collaboration Prb 101, 074513 (2020)

* Expected if SU(3) is respected

1.2

llll\\\‘JJJ

form factor
form factor

III|I\\I|II\II‘I!\‘II\\lIIII

il
il
1

—
N
—
»

w

fold) = % (1 + )y (w) — (1 = r)h_(w))

old®) = v (2 e ) - 220 )
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1 1.5 2 2.5

March 24, 2025

Recent results from the BABAR experiment

3

Steven Robertson
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“‘s RPV SUSY interpretation

.. . — 1075 . . —]
B —> B + (mISSIng energy) Slgn.ature Can E g —— BABAR Experiment (90% C.L.) B-i-_) p \VD E
also be generically interpreted in other T o0 ]
new physics models <t
108~
* e.g. missing neutralinoin B— B+’ in g
RPV SUSY model [
Xt d/s 107 -
u/c ~0 7
1 . ! . . . . L
> ~/~ 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
b* ufc My, (GeVic?)
A . R A
b ‘ A:jg /s b /\:jg u/c )
u/d u/d 4.x10 [ ‘ :
BO—) A )]
— 3.x10‘6i
e L
_/Z ) - |
“ o . i 2-%x1070
b e d/s Siieh 02 524 (2023) £ ,
Aijs <8 ,
u/d =

« limits on RPV coupling A"113 and  A"123
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" Dark matter and the BAU

The particle physics Standard Model has no explanation

for two of the biggest problems in cosmology i NGC 6503

Baryon Asymmetry of the Universe (BAU)
e Sakharov conditions: Sakharov, A D, JETP 5 (1967) 24

- Baryon number violation

- C and CP violation

D"lalilol'ljlzoklllso
- Deviation from thermal equilibrium Radius (kpc)

Dark Nature of dark matter:
Matter

63%

Neutrinos
10 %

» Astronomical evidence for dark matter is
overwhelming, all measurements to date
are gravitational in nature

Photons
15%

i * The majority of the matter in the universe has
oms

1% an unknown composition
0 13.7 BILLION YEARS AGO
(Universe 380,000 years old)

29



A

Dark matter and the BAU

Baryon number asymmetry
depends on the level of CP
violation in B mixing, and on
the branching fraction to dark
baryons

Dark baryon mass must be
large enough to protect
against proton decay but small
enough to permit production

from B meson decays

5°/oCL

10_2 E'.
: ©
. =
= . { 7
CU .
EQ )

B =
1078 Nk
- 0 ]
= (b d
o =
- O |

N ®))
¥ IO

=0
S

10—4 nrna] :. mx :

1075 1072

Y ~ 8.7 x 107

e Dark baryon must decay rapidly
into other dark sector particles
(i.e. astronomical dark matter),
to avoid decay to SM patrticles
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. Dark sector and BSM @ ?

Extensive BABAR
program of searches

for physics beyond

B"— A vy Phys. Rev. D 111 (2025) 3, L031101
B'— pvyp Phys. Rev. Lett. 131, 201801 (2023)
B’— A yp Phys. Rev. D 107, 092001 (2023)
Darkonium

Phys. Rev. Lett. 128 021802 (2022)

Axion-like particles
Phys. Rev. Lett. 128, 131802 (2022).

Dark Leptophilic scalar
Phys. Rev. Lett. 125,181801 (2020).

Six quark dark matter

Phys. Rev. Lett. 122, 072002 (2019).

Dark photon
Phys. Rev. Lett. 113, 201801 (2014);
Phys. Rev. Lett. 119, 131804 (2017).

Muonic dark force
Phys. Rev. D 94, 011102 (2016).

Dark Higgs bosons
Phys. Rev. Lett. 108, 211801 (2012)

the Standard Model,
and dark sector in
particular

Search for heavy neutral leptons in T decays
Phys. Rev. D 107, 5, 052009 (2023)

Search for LFV in Y(3S) —e
Phys. Rev. Lett. 128, 091804 (2022)

Lepton universality in Y(3S) decays
Phys. Rev. Lett .125, 241801 (2020)

Rare and forbidden D decays
Phys. Rev. Lett. 124, 071802 (2020)

Search for LFVin D’ — X%e" w
Phys. Rev. D 101, 112003 (2020)
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n Dark sectors

Dark matter may carry charges for non-SM gauge interactions, possibly
acquiring mass via dark sector Higgs etc.

« Effective Field Theory (EFT) provides a number of “portals” to access this dark sector:

Cn SM med 1
= Z FOI(C )Ol( ) — )Cpol”tals T O (K) SM
n=k+[—4
€ i = 1
= ——_B"A!  — H H(AS + \S?) - YJL,HN; + O [ — Portal
2 Hy ( ) i 4 A mediators

Vector portal Higgs portal  Neutrino portal

Dark
Dark sector can be probed via mixing of
the portal mediators with SM particles

At BABAR: Some BABAR dark sector results:

o Production of on-shell dark bosons via Dark Leptophilic scalar: Phys. Rev. Lett. 125,181801 (2020)
e'e >y Z' “radiative” and e'e — ffZ/
“-strahlung” processes

Six quark dark matter: Phys. Rev. Lett. 122, 072002 (2019)

Dark photon: Phys. Rev. Lett. 119, 131804 (2017);
« Light dark sector particles can be Phys. Rev. Lett. 113, 201801 (2014)
produced in decays of B and D mesons Muonic dark force: Phys. Rev. D 94, 011102 (2016)

Dark Higgs bosons: Phys. Rev. Lett. 108, 211801 (2012)
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