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V\/hy b —) STT ? Cépdevilaetal, PRL120(2018)181802

10}

e Attempts to explain LFU violating effects in RD)-R(D*) =

: ] RD(*)&RJNJ 20

tend to enhance b — s77 couplings & ol | 8 Ryw8Ruw 10
= . 1 B Br[Bs—>11]
: : : | M Br[BsK*11]
® As a bonus, one obtains higher order corrections ‘I | W Br(BoKr
| | U Br[Bs»>¢rt1]
to b — s£¢, causing a LFU shift in C, 1
ol
» In many models additional couplings to lighter leptons can -
be included to take care of e/py LFnU 10.084
SM prediction 10.064
By — TT (7.734£0.49) x 10~ -
B — K77t [15,22]GeV?/c? (1.20 +£0.12) x 10~ 0% =7
B — K*r1 [15,19]GeV?/c? (0.98 £ 0.10) x 10~7 10.024
B, — ¢77  [15,18.8]GeV?/c? (0.86 £ 0.06) x 10~ 7 0.004

1.0 1.1 1.2 1.3 1.4

, R(X)/R(X)sm
Bobeth et al, PRL 112 (2014) 101801, Capdevila et al, PRL120 (2018) 181802 Crivellin et al. PRL 122 (2019) 011805
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.181802
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.112.101801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.181802
https://arxiv.org/abs/1807.02068
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| eptoquarks'’: S

® Natural good candidates to coherently address

LQ v
the anomalies while respecting other bounds -
» Constraints also from direct searches & high energy /\}
C V
» Lepton flavour violation in B or tau decays
T SM. [ |
10 25— Ul Excluded at 95% CL E 5 Model §+85™ |
i oo | B(Bs +711) _ B(B— KtT) 1 % 107
= 107 E +T | B(Bs — TT)SM - B(B — KTT)SM -~
% %400-
E?i 1071 . ;E |
- <l B(Bs — 771) B(B — KTT) 3
200 ~ ~ 1 —
10751 . E;} | B(Bs — 7T)sm - B(B — K77)sm ~ =21l
- [CC, Fuentes-Martin, Faroughy,
1ot lIsidpril, Neluber’t,121011.1116216] ‘

0.00  0.05 0.10 0.15 0.20 Br(B —» K 7 u) x 10°
0Rp- [Gherardi, Marzocca, Venturini 2008.09548]
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New since BFA

® [ FU in Charged Currents ® [ FU in Neutral Currents

» RD-RD* with leptonic T » Rk and Rk+at low and central g7

» RD* hadronic with hadronic T » Bs->mumu from CMS

Greljo et al 2212.10497

0.4 [arXiv:2212.09152] [arXiv:2212.09153]
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0.2 =  $HFLAV SM Prediction IEP 1712 (017060 R(D) =0.356 £0.029, — I x°=16,p=0.812 0 =0.2 ‘
- R(D) = 0.298 = 0.004 PLB 795 (2019) 386 R(D*)=0.284 +0.013 - T SM 0.2 -
- R(D¥) = 0254 £ 0005 w20 OO 991801 p=-037 ~ 0.6 :
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New since BFA

® [ FU in Charged Currents ® [ FU in Neutral Currents
» RD-RD* with leptonic T » Rk and Rk+at low and central g7
» RD™ hadronic with hadronic T » Bs->mumu from CMS
i L L L ’ 10_2:
10_25— 2021 Excluded at 95% CL E
1073
. LHCD (300 1) n Given the effect is driven by
“i% ﬁ} o R(D) - R(D*), the enhancements
< 0 E . in b — st still favoured
Q Q
10_5;— - 10_5?
: - ( ) § Aebischer et al, Crr =0 ;
' Cornella et al, JHEP 08 (2021) 050 . b B Cip=—Ciy |-
e R N R R 10-6L ar><|v221013422 ,,,,,,,,, * Also includes new CMS result
0.00 0.05 0.10 0.15 0.20 0.05 0.10 0.15 0.20 0.25 N G(pp — 77)
0 R p- OR p-
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https://arxiv.org/abs/2210.13422
https://arxiv.org/abs/2103.16558

EXperimental challenges of b — str

® At |least two undetected neutrinos In the final state;:
» challenging for both Belle Il and LHCb

® Several options for T reconstruction
» One prong 7 — KUV, [Br ~ 17%)]

- Less background (muon ID)
- More neutrinos
- Add 7 = 7ty [BR ~ 10%] and 7 — 717 v_ [BR ~ 25%]?

» Three prong T — 7w U, [Br ~ 9%)

- Use vertex and mass to constraint the decay kinematics

- Usually more background

® Peaking backgrounds affect both - specially B — DDX
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EXperimental challenges of b — str

® At |least two undetected neutrinos In the final state;:
» challenging for both Belle Il and LHCb

® Several options for T reconstruction
» One prong 7 — KUV, [Br ~ 17%)]

- Less background (muon ID)
- More neutrinos
- Add 7 = 7ty [BR ~ 10%] and 7 — 717 v_ [BR ~ 25%]?

» Three prong T — 7w U, [Br ~ 9%)

- Use vertex and mass to constraint the decay kinematics

- Usually more background

® Peaking backgrounds affect both - specially B — DDX
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EXperimental challenges of b — str

® At least two undetected neutrinos In the final state:
» challenging for both Belle Il and LHCb

® Several options for T reconstruction

» One prong 7 — UV, [Br ~ 17%)]

- Less background (muon |D)

- More neutrinos
- Canaddt — 7tv_[BR ~ 10%] and 7 — 7 7'1, [BR ~ 25%]

» Three prong 7 — ' 7 v, [Br ~ 9%]

- Use vertex and mass to constraint the decay kinematics

- Usually more background

® Peaking backgrounds affect both - specialy B — DDX

® Additional tracks from the B decay can help constraining the vertex
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BS—>TT

® Only limit coming from LHCb

Run1, using hadronic T decays

Br(Bs — 77) <6.8 x 107° @95% CL
Br(B; — 17) <2.1 x 107 @95% CL

» Analysis of the full Run2 data ongoing (at least x2)
» Expected to reach 10-3 at the end of Run4 [50/1b]
» And 5x10-° by the end of Upgrade |l [300/fb]

» Tau decay model will become limiting

® Belle I, assuming will collect 5/ab at the Y(55),

would reach 8x10-3
Belle Il, PTEP(2019)123C01

BFA IV
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LHCb simulation
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https://dx.doi.org/10.1093/ptep/ptz106
https://arxiv.org/abs/1703.02508

B — K"rr

® Only limit coming from BaBar, using leptonic

T decays (Uy, ee, ey)
Br(BT — Kt77) <2.25 x 107° @90% CL

» Fully reconstructed Btag, gives access to missing
momentum from Bsig

® At Belle Il, soon reach 10-4 [1/ab]

and 10-° by the end of data taking [50/ab]
Belle Il, PTEP(2019)123C01

x 7

e At LHCb, B = h*h™ 17 has better prospects,

e.g.B > K 077 expected to reach 10-4 [Run1+2)]

» Also B, = ¢pzz or A, = pKrt being pursued

both Iin the hadronic and leptonic modes

BFA IV 11
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https://dx.doi.org/10.1093/ptep/ptz106
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.118.031802

B — K"rr

® Only limit coming from BaBar, using leptonic

T decays (Uy, ee, ey)
Br(BT — Kt77) <2.25 x 107° @90% CL

» Fully reconstructed Btag, gives access to missing

momentum from Bsig

® At Belle Il, soon reach 10-4 [1/ab]
and 10-° by the end of data taking [50/ab]

Belle Il PTEP(2019)123C01
e At LHCb, B = h*h™ 17 has better prospects, = N ——
e.g.B > K 7t expected to reach 104 [Run1+2] o
{Run1 LS1 Run 2 LS2 Run 3 LS3 Run4 LS4 Runb5 LS5 Run 6

—
-
o

|

» Also B, = ¢pzz or A, = pKrt being pursued
[J. Cerasoli, CERN-Thesis-2022-17]

90% CL limit on B(B? — K*9777)

both Iin the hadronic and leptonic modes
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https://dx.doi.org/10.1093/ptep/ptz106
https://cds.cern.ch/record/2804066/files/CERN-THESIS-2022-017.pdf

B - K17 - KOuu re-scattering -

® |ndirect limit to B — Kt from the precise study of

the B — Kuu di-u mass spectrum

» cusp in-between the J/P and P(2S) resonances (2xmx)

» distortion in the shape of the spectrum before the resonances

e Requires to experimentally distinguish the b — stz amplitude

from long distance hadronic contributions also with
g2-dependence

I

vl

<
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M’ =
V)
S—
M 2
— NS L
[ = =
[+
7’
- 7’
L
T, i
—
----------------------
U - - l ----------------- 1 —————————————————— [— —————— —
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Cornella et al, EPJC 80 (2020) 1095
| I N LA B —
1500 —
— BaBar limit
— SM prediction
-
= -+ pseudodata (SM) t
=~ 1000 |- 1 -
-
= .
~~
B
k=
°
= w
= 500 .
O
0-...,111.111.1111
0 1000 2000 3000 4000 2000
My, [MeV]
Scenario Cgy (90% CL) B(C{, =—Cy) B (C{, =0)

Run I-II dataset 533
Run I-V dataset 139

- 1.8x 1074 0.5 x 10~4
Competitive with current direct searches
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https://link.springer.com/article/10.1140/epjc/s10052-020-08674-5

| FV decays: b — stu

e Without NC LFU anomalies, enhancement in b — sty not as favoured?

» Tiny in the SM (neutrino oscillation), null test of SM

e Experimentally look for B, — 7u, B — Ktu, etc

Br(Bs — i) < 3.4 x107° @90% CL

» With only one T things get a bit easier:

- Reconstruct full kinematics for the hadronic decay (up to ambiguities)

- Use additional constraints from beam energy (B-factories) or B;S — BK (LHCb)
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M, (GeV/c?)
LHCb, PRL 123 (2019) 211801
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https://arxiv.org/abs/1204.2852
https://arxiv.org/abs/2103.16558
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.123.211801
https://arxiv.org/abs/2003.04352

New limiton B — K ™ tu

® Using full

Run1+Run2 dataset & hadronic T's

» Separate 7~ from T~ u ™, due to different mix of

backgrounds

y Fitthe corrected mass: m .. = \/ pf + m12<*w TP

e Best experimental limitin b — stu

Br(BY - K*77u7) < 1.0 x 107° @90% CL
Br(B® — K*77 %) <82x107° @90% CL

® For similar
the end of

e At Belle ll,

performances, can expect limits around 10-7 for
HCb Upgrade |l

expect limits around 10-6 with 50/ab

[naive extrapolation of BaBar result]
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https://arxiv.org/abs/2209.09846

Belle Il, PRL 127 (2021) 181802

BFA IV

b — su_u_: Search for BT — KTvp

® One of the most important constraints for all these models comes from limits to B — Kuv

» Very challenging experimentally, Belle Il territory

® First encouraging limit with a fraction of the new Belle |l data, and observation at the SM (if not earlier!)

Events

expected with 5/ab for both B — K ez

0.93<BDT»<0.950.95<BDT,<0.97:0.97<BDT,<0.99: 0.99<BDT,
| . .

: Belle II :
§/£dt =(63+9)fb!

400

BT —=K*tur A

1
500 [ NeutralB |
I Charged B |
200 B Continuum _|
¢ Data

100 : scaled by 2 ]

0
0.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5

pr(K™)[GeV/c]

Average

1.1+0.4

¥

1 - - T T T T
. Belle II (63 b}, Inclusive)
1.9"1% This work
1.30
Belle (711 b1, SL)

1.0+0.6 PRD96, 091101

Belle (711 b~ !, Had)

3.0+£1.6 PRD87,111103

Babar (429 fb~!, Had+SL)

0.84+0.7 PRD87, 112005
I 1 1 1 I 1 1 1 I 1 1 1 I

0o 2 4 6 8 10
10° x Br(BT—K " v)

=

Observables Belle Belle 11

(2017) 5ab~! 50ab™!
B(B — K*tvv) < 40 x 107 25% 9%
B(B — KTvv) <19x107° 30% 11%

Belle I, PTEP(2019)123C01
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https://arxiv.org/abs/2104.12624
https://dx.doi.org/10.1093/ptep/ptz106

Conclusions

® A |ot to explore In T final states
» If LFU in CC stays with us, expect significant enhancement in b — stt
» They are challenging, that’s why progress is slower

® Experiments are putting effort into these analyses

» Using LFV decays to pave the way to the di-T analyses

» EXploring new techniques for T reconstruction, and more favourable final states

® Expect new results not too far in the future!
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What about b — ste ?

® \Vould this also be expected if electrons have NP couplings too”

® Best experimental Imit comes from BaBar

» Belle |l: sure

» LHCb: Once you have missing energy carried

away by the neutrinos, mass resolution is No

longer that different between e and y, OK!

e Similar scaling as in previous slide
would take us to:

» 106 with 50/ab from Belle |l
» 10-7 with LHCb Upgrade |

BFA IV

BaBar, PRD 86 (2012) 012004

x

B(B — htf) (x1077)

Mode T channel N ; Ry, ; b; ni Ehre,i central value 90% C.L. UL

e 22 0.02 =0.01 0.4+0.2 2 (2.6 £0.2)%

Bt 5> Ktr—ut  pu 4 0.08+£0.05 03+02 0 (3.2+04)%  087F9 < 4.5
T 39 0.045 £0.020 1.8+0.8 1 (4.1 £ 0.4)%
e 5 0.03 = 0.01 0.2x0.1 0 (3.7 £0.3)%

Bt 5> Ktrty~ 3 0.06 £0.03 02+01 0 (3.6+07%  —0.4 *}1 < 2.8
T 153 0.045 +0.010 6915 11 (9.1+£0.5)%
e 6 0.095 +£0.020 06+0.1 2 (22+02)%

Bt 5> Ktr et I 4 0.025+0.010 01+01 0 (2.7+0.6)% 0.2 ¥21 <43
(4 33 0.045 =0.015 1.5=x0.5 1 (4.8 £0.6)%
e 8 0.10 = 0.06 0.8+0.5 0 (2.8 4+ 1.1)%

Bt 5> Ktrte™  pu 3 0.045+0.020 01+01 0 (32+07%  -13 715 <15
™ 132 0.035 =0.010 46=x1.3 4 (8.7 + 1.2)%
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https://arxiv.org/abs/1204.2852

