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Belle 11 [2311.14647] Evidence for BT — K Tvi Decays

3.50 evidence for BT — K*Dv decays using an inclusive tagging.
This rate is 2.70 larger than the SM prediction.

This would be evidence for a b — suv transition and thus
B, — Dv could be a key channel to help in the interpretation.

In particular because BR(B, — iv) |, (my/mB)2 ~ (

i when including S and P operators. Presently, no upper Bause. Gisbert & Hiller
However . limit on the branching ratio of B — invisibles exists, 2309 0,0075

(simply because Bs are not produced in the Y (4.5))

Then: The first limit on invisible decays of B, mesons comes from LEP

Gonzalo Alonso-Alvarez!»2* and Miguel Escudero Abenza3:

recast of an old — —4
ALEPH analysis: [BR(BS — ) < 6% 10 J 2310.13043
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https://arxiv.org/abs/2310.13043

Status of B — Kov transitions and interpretation

Searches for b decays with large missing energy at LEP

The basic elements of the analysis

Results

B — 1nvisibles at FCCee: Lessons learned from LEP

Implications for other scenarios*:

B-Mesogenesis

Flavorful Axions
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Belle 1l [2311.14647] has recently reported 3.50 evidence for
Bt — K*0v decays using an inclusive tagging. What is intriguing
is that the rate appears to be 2.7¢ larger than the SM prediction.

This mode at B-factories: BB( — Kvv)

a) Hadronic Tag o Aerage Belle Il [2311.14647]
B — hadr()ns —— Belle II (362 fb ! comblned)
E 2.340.7 This analysis, pr l
eff ~ 0.4 % o Belle 11 (362 fb-!, hadronic)
E 1.1+ 1.1 This analysis, pr(‘hminarv
; —_——— Belle 11 (362 fb L mcluswe)
- - 9.740.7 This analysis, preliminary
b) Semlleptonlc Tag o Belle II (63 fb‘l, inclusive)
1.94+1.5 PRL127, 181802

1.0+ 0.6 PRDY96, 091101
eff ~ 1.6 %

® Belle (711 fb !, hadronic)

294+1.6 PRDS87, 111103

BaBar (418 fb'!, semileptonic)
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B — I/f X D e Belle (711 fb'!, semileptonic)
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1

= _E-‘-_ 0.240.8 PRDS82, 112002
c) I"CIUSlve Tag Py BaBar (425 fb1, hadronic)
B ﬁ an thin | i | | | | | | | | I1.5:|:I1.3 IPRDI87, 11|2005| | | | |
y g 0 2 4 6 8 10
eff ~ 8% 105 x Br(B*—K * i)
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Belle Il : Inclusive Analysis

Series of boosted decision trees on — 2| Belle I preliminary S B © K * 17

| fﬁdt:362 fb'l ] BOEO

I

global properties of the event:

@ B"B~
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BB B(—»Kvv)B qq

Candidates/(1 GeV?/c
g B

o Ot O

Pull

|
ot

o 5 10 15 2
g2 [GeV?/c?]
qrzec = EI% + m12< — 2ERgEy

Combined Result: [BR(B+ — KTov) = (2.3+0.7) X 10_5] o

Standard Model: BR(B™ - K iv) |y = (0.51 £0.03) x 107> larger

Becirevi¢, Piazza &
Sumensari 2301.06990
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1) Heavy New Physics:

2309.02246 Allwicher, Becirevi¢, Piazza, Rosauro-Alcaraz & Sumensari

2309.00075 Bause, Gisbert & Hiller

Models face the strong constraint of BR(B — K*7v) < 1.8 BR(B = K™iv) |,

This requires right handed couplings to quarks which imply nhon-minimal e.g., 2

BSM sectors which need to be balanced to avoid flavor constraints

2) Light New Physics:

Belle Il [2311.14647]

DO

o

]
T

Belle IT preliminary il B+ —K T v
fﬁdt =362 fb_l [ BOEO

0 BB~
B Continuum

t Data

Candidates/(1 GeV?/c*
S
)

Pull
(s} ot O

|
ot

Grec [GeV? /]

leptoquarks

2311.14629 Altmannshofer, Crivellin, Haigh, Inguglia & Martin Camalich
2312.12507 Fridell, Ghosh, Okui & Tobioka

2309.02940 Felkl, Giri, Mohanta & Schmidt
Decays of the type B - KX or B — Kyy could explain even better the Belle Il spectrum

2312.00982 McKeen, Ng & Tuckler

1.2

10° x Br[B - KX]

2311.14629

F = BaBar K+/0 combined
—— BaBar K*/° & Belle K* combined
—— Belle Il Kt

B(B— K+inv)-10°

[e)}
—

2312.12507

B— K yy [Vector]

8F ]
Belle II [x2,,=105] |
Belle II+BaBar SR [122] |

0.0 0.2 0'.4 0.6 0.8 10 1.2

(This means that B, — 1nvisibles decays are key to elucidate the situation ) BR ~ 107
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Missing Energy was a key observable in many b-quark physics
analysis at the LEP experiments:

Measurement of the B lifetime

ALEPH Collaboration Measurement of the b — 7~ ¥, X branching ratio and an upper limit
onB™ — 77,

1 K
ALEPH Collaboration
K
Dy .- T ?  10°F o pota
- S : , ALEPH
————— i —— —p s i Monte Corlo:
T S o eoraom
£ : . 6TV, X BT,
B = - D b—=>7 v, X analysis onalysis
s it 3_BAbE>e u X
w 10 RYbE e uX 4
c;sannry vertex g - B gceiiifgugund
102§
- —8—
D; and the lepton respectively. The neutrino energy - o
(E,) is estimated using a missing energy technique. 10 ppm > Eae i e e
It is given by
]
Eu = Etot - Evis s L
L4 » . 40
where Ey and Eyjs are the total and visible energies Emiss (GeV)
in the same hemisphere as the BY candidate. The vis- e ) e ,
Lig. T. £4miss SpECd‘dm 107 & T Vr CXCIUSIve anaiysis
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In fact: the first limit on b — si’ comes from LEP:

First limit on inclusive B — X vv decay and

constraints on new physics
hep-ph/9510378

Yuval Grossman?!, Zoltan Ligeti®?, Enrico Nardi®?

4 Department of Particle Physics, Weizmann Institute of Science, Rehovot 76100, Israel
b California Institute of Technology, Pasadena, CA 91125, USA

Received 2 November 1995; accepted 29 January 1996

Subsequent analysis by ALEPH (hep-ex/0010022) lead to:

Br(b — siv) < 6.4 x 10™*| at90% CL

0902.0160:

Br(b —> SI;U) ‘SM — (27 -+ 02) X 10_5 Altmannshofer, Buras,

Straub & Wick

Also Grossman, Ligeti and Nardi (hep-ph/9607473) B — 7t B — wvy

There is no b-decay that can lead to more ME than B — 1nvisibles!

Ourstudy:  |Br(B, — invisibles) < 5.9 x 107 at 90% CL
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1) Look at 2-jet events, Z — gg: T > 0.85 and |[cos | < 0.7
2) Separate events in two hemispheres defined by the thrust axis

T:maXZi‘ﬁi.ﬁ)

g

3) Measure missing energy as £, .. ~ M,/2 — E ;.
4) Only use opposite hemispheres with £_. . < 25 GeV and > 6 charged tracks
5) Apply b-tagging in the hemisphere without large missing energy

6) Use ¢/ rejection algorithms to remove b, ¢ — £vX events

S | ALEPH . Dot
¢\n104:— [] b—wxX
2 ¢ B3 b,e—vx
Result: R i ;
: | o Signal region

hep-ex/0010022 . /\
0 ]

1 -
10-—120 -10 0o 10 20 40

Emiss )
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1) What is the fraction of the beam

DELPHI 1102.4748

energy carried out by the B.? T = aep ik,
S °f —— DELPHI %J&: L
255 ¢~ OPAL @4&" i
~ 700/0 1 25 sk B ‘%}
0.5F gt G
:MHI....I....I....I....I....I.:-ﬁj%
1 02 03 04 05 06 0.7 08 0.9 1
EBﬂEbeam
o _ fB. = 0.101 £ 0.008,
2) Hadronization fractions [HFLAV] fr./pe = 0.407 £ 0.007,

fb—baryons — 0.085 :l: 0.0].]. .

3) Number of events: N(Z — hadrons) = 4 X 10°
Br(Z — bb)/Br(Z — hadrons) ~ 22 %

efficiency(B~ — 7 ,) =8.1%

4) The efficiency after all of the cuts are performed is 8 % : efficiency (b > spv) = 8.8%
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N, = 4% 108
o0 .
: ALEPH signal region
40f———===-----
S b — 7V X
G 30f $
g : Bs — invisibles [Br = 1073]
= [ (Ax? ~ 6)
o 20f ] X
|.|>J _b, c — X
10}
3 T d
L Background > - J—
QZO 35 20 25

Emiss [G'eV]

Br(B, — invisibles) < 5.9 x 107*| at 90% CL

Br(B, — 1nvisibles) < 1.4 X 10~*| at 90% CL
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Limit at 90% CL Nyj

LEP: Br(B, — invisibles) < 1.4 x 107 0.9M
BaBar: Br(B, — invisibles) < 2.4 x 107> 471 M
1206.2543

Belle Il with & = 5 ab~! at the Y(55) resonance:
Br(B, — invisibles) < 10~ 1808.10567 ¢ imerove our limi

Ideal place to look at these decays: FCCee

= Sensitivity beyond ~ 107> dependent
- upon further tagging methods since, e.qg.
Br(b — siv) |, = (2.7 £0.2) x 107.

see Amhis et al. 2105.13330, 2309.11353
and Fedele et al. 2305.02998

and talk this morning by Matthew Kenzie
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see: _CDS'Ilnk '94 Measurement of the b - 7~ 7 X

Inclusive/Exclusive Branching Ratios

I.LR. Tomalin
C.E.R.N.
Muon and electron detection s 15¢
t i . £ 100 F t

efficiencies are key to reduce 8 o o=d
background. In particular, muon S w0f _4 s epresont
efficiencies at low momentum ¢ ssb | Monts Carlo truth fo

80 i_ © Mo?ttweocgr:?ton estimate)

75 ° Do'((?wo photon estimate)

70 F & MOI&SE)G ;cl’c;r estimoate)

65 ;_ : Dat(%"—? @ estimate)

60 IR NI R Laoavova b e by a by sy La

o 1 23 4 5 6 7 8 9 10
Momentum (GeV)

Figure 5b: p* identification efficiency.

There were considerable

systematics arising from P oofgi
inaccurate neutral energy g
deposition modeling in the

HCAL. In particular by high ] =

20 30 Emiss (GeV)
Emiss (GeV)

Figure 1b: E,, after recalibration, using light quark tag and e*/u* rejection,
e n e rg y n e u t ro n s L Figure la: E,; , before recalibration, using light quark tag and e /u rejection. and Epeur <7 GeV cut.
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https://cds.cern.ch/record/806041

Revisited and old search for b-decays with large missing energy
at LEP. Found the first constraint on B, — 1nvisibles

Br(B, — invisibles) < 5.9 x 10™*| 90% CL

Not yet able to test the parameter space of light BSM models capable
of explaining the Belle Il signal, but we thought it was interesting

As a search strategy it is really powerful as shown by comparison
with dedicated BaBar search for B, — invisibles

ﬁ‘c’:g::tslz::g Actual full reanalysis of the old data
to do: see talk by Marcello Maggi on Tuesday

What can FCC-ee do? A sensitivity analysis is still missing but:
1) Have as good as possible ¢/u ID, particularly at low momenta
2) Be mindful of MC simulations of neutral energy deposition (n, K\)

3) Probably have a very good understanding of the b fragmentation function will
be useful as well
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Thank you!

Gonzalo Alonso-Alvarez, U. Toronto

Questions, Comments and Criticism
are most welcome!

miguel.escudero@cern.ch gonzalo.alonso@utoronto.ca
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B-Mesogenesis

B-Mesogenesis: Baryogenesis and Dark Matter from B-Mesons

Elor, M.E.A., Nelson 1810.00880 see also: Aitken, McKee, Neder, Nelson 1708.01259

Alonso-Alvarez, Elor, M.E.A., 2101.02706 Nelson & Xiao 1901.08141, Alonso-Alvarez, Elor, Nelson, Xiao 1907.10612
Low Reheating S I B-mesons decay into
Temperature CP violating oscillations Dark Matter and hadrons
B @ @ Dark Matter

(anti-Baryon)

-~

. 11 o

b 090
Tr ~ 15 MeV Ag A%
( ¢ )
1 Br(B—=v+B+M) A
. N 11 } : SL

\_ q ),
Key Prediction: [BI‘(B — y + Baryon 4+ X) > 10_4]
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B-Mesogenesis

4 Flavourful variations exist*: (All work equally well for Baryogenesis)

Ybus Yvbud Ybes Yvbed
By — ¥+ A(usd) Bg—®+n(udd) Bg—¢+ZE)(csd) Bg—v+A.+7" (cdd)
B, — ¢ +2%(uss) Bs—= Y+ A(uds) Bs— 1+ Q. (css) Bs — 9 + 2 (cds)
BT =+ Y% (wus) BT = +p(duu) BT = +EF (esu) BT — zp—l—A%(dcu)

Ap = v+ K Ay — ) + 70 Ap—>+D +Kt MN—=9+D
Olybus] Olwbcs])
90 % CL l 90 % CL
10~ : 107"}
:
|
I —
10— B 1] N
N ALEPH | | »
ke I .
Q l =
O FRAEE -~ nme——AA o
10-° 10°°
BaBar '23
Belle-1l/LHCb Sensitivity
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Light new scalars coupled to quarks can also lead to
Missing Energy in B decays:

2002.04623 Martin Camalich, Pospelov, Hoa Vuong, Ziegler & Zupan
2201.06580 Ferber, Filimonova, Schafer & Westhoff —> 4

2306.09508 Ovchynnikov, Schmidt & Schwetz

Strategy employed is to recast the old searches by BaBar:
1303.7465

To be compared with:

Np ~ 4.7x10°
et _ 100 prrrrrrr e BEEE e
efficiency ~ 1072 90 % CL
i _c 107
T A ‘t‘}uug BI'(B — Ka) 5 10 5 ;

;é_‘_ﬁ_ / l
E 7 ]
0E 7% AAAANAT 11 [

WA ANA o J
0 0102030405060.70809 1
Sg

FIG. 5: (color online) The sg distribution for (from top
to bottom) BY — Ktuw, B - K%w, BT — K*tup,
and B® — K*°uT events after applying the full signal selec-

tion. The expected combinatorial (shaded) plus mgs-peaking -6
(solid) background contributions are overlaid on the data 1 O 1 2 3 4
(points). The signal MC distributions5 (dashed) are normal-

ized to branching fractions of 20 x 107° for BT — KTv¥ and

50 x 10~° for the other channels. Events to the left of the ver- ma [Gev]

tical lines are selected to obtain SM-sensitive limits, while the

full spectra are used to determine partial branching fractions.
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