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b—s ¢+ £~ decays

Suppressed in the SM

» Effects of new physics can be relatively large b

» Access high mass scales, due to virtual contributions

FCNC transitions, such as b—s(d)£¢ decays, are

excellent candidates for iIndirect NP searches

Rare B decays offer rich phenomenology:

» Branching ratios, angular observables, LFU ratios...
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| FU tests in b—=sé+¢-

® Ratios of muons/electrons are extremely well predicted in the SM

» Hadronic uncertainties of O(10-4)
» QED uncertainties can be O(10-2)

® Any statistically significant deviation from 1 is a sign of New Physics
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| FU tests in b—=sé+¢-

LLHCb only
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Flectrons vs Muons at LHCD

® [lectrons lose a large fraction of their energy through Bremsstrahlung radiation

» Bremsstrahlung recovery: Look for photon clusters in the calorimeter

(Er > 75 MeV) compatible with electron direction before magnet

ECAL
Magnet
® After this correction electrons still have
» Lower reconstruction/trigger/PID efficiency e E,
» Worse mass and g? resolution Upstream -~ Downstream
brem = brem

(more background)

Alr
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Flectrons vs Muons at LHCD
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[Nat. Phys. 18 (2022) 277]
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https://www.nature.com/articles/s41567-021-01478-8
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Flectrons vs Muons at LHCD
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1 he double ratio

e Measure Ry as a double ratio, relative to equivalent ratio for B — H, J/w(£¢) decays

® reduces impact of the differences In efficiency between electrons and muons

Bt = K+J/¢(1‘S)(z+z—)
| A R — B(BT — K utu™) B(BT — Ktete™)
BT — KT(25)(070) BBt = KtJ/y(utu))/ B(BY = KtJ/p(ete))

dg? _ NETpTpm) o NETJ/d(e )
1 N(K+J/p(ptp))  N(E*e o)
BT — K (~

(KT J/pptpnT))  e(KT )
e(Ktutp) e(KTJ/9( )
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LHCb-PAPER-2022-046

NeW aﬂalyS|S Of R K and RK*O | HCb-PAPER-2022-045

e Data: full Run1+2 sample
Hefs = 1Gr Vip Vi, = Z [C;0; + C;O;]

ts
» Reanalysis of BT = KT¢¢ V2 Arr
» Update of B — K 97¢ with Run2

(more than 5x more bb pairs)

® [Wwo bins In the di-lepton mass
(1) low-qg2: [0.1, 1.1] GeV2/c4

. i

+ long distance cc

(2) central-g2: [1.1, 6.0] GeV2/c4
e \/eto the g2 region close to the resonances (3)
» Use B = KW J/wand B — KW w(2S) for

normalisation and cross-checks GeV?)

Heavy flavour 2023 - Quo Vadis? 12 P. Alvarez Cartelle (U. Cambridge)


https://arxiv.org/abs/2212.09152
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Analysis strategy

® Reoptimised selection

» Tighter PID and targeted partially reconstructed
B(B — K J/¢(pp))

"IV T BB = K J/b(ee))

pbackground selection

® calculation using simulation
» Extensive calibration using data-driven methods B(B — K ¥(25)(up)) |
R — X r
» Cross-checks using 7, and R g, ¥(25) B(B — K (25)(ee)) Pay

® Signal yield determination through a

N
simultaneous fit to m(K£¢) and m(Kza£'¢) Ry = = X T

» Constrain partially reconstructed background
on BY — K*¢¢ from B — K %¢¢ signal
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=fficiency calibration

® Use control channels in data in

order to correct the simulation

modelling of

)

B production kinematics

» Detector response (tracking,

PID, trigger, etc)

® (Cross-checks to ensure correct

efficiency estimation
» Single ratios (A~25%)
» Double ratios (A~5%)

» Ratios determined also as a

function of kinematics
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Vliass fits
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MisID background

® [ightening

LHCb-PAPER-2022-046

LHCb-PAPER-2022-045

® P|D criteria based on e/t separation log-likelihood (DLL) and neural-network based e ID (ProbNN)

P|D selection induced a systematic shift in the result

® Solved when including various (previously underestimated) backgrounds

DLL(e) > 7

DLL(e) > 5

DLL(e) > 2

0.948

0.051
0.941

0.044

0.944
0.051
0.938
0.044

Ry central-¢?

0. 939

0. 051
0.933

0.044

0.939

0.051
0.939

0.045

0.941
0.051
0.951
0.046
0.916
0.042

ProbNN(e)

0.934
0.051
0.946
==
0.046
0920
0.043

» Partially reconstructed B — K (*)ﬂ(ﬂO, y)X

0.935
0.051
0.953
0.047
0.925
0.044

0.937
0.052
0.949

0.048
0. 919

0.044

>020 > 0.25 >030 >0.35 >040 >045 >0.50 >0.55 > 0.60

» Fully reconstructed B = Khh'suchas B - KKK, B - K zr, B — D(hh)x (triple misID)

R+ central-¢°

1021 1016 1016 0.997 1016 1001 1012 1035 1049
0.074 0.074 0.075 0.073 0.076 0.075 0.077 0.081 0.084
0965 [ 0.990 0.986 0.993 1024 1006 1014 1038 1039

+ T + +
0.066

0.060 0.069 0.071 0.075 0073 0.075 0.079 0.081
>020 >025 >030 >035 >040 >045 >050 >0.55 > 0.60

ProbNN(e)

1.15

1.10

1.05

1.00

0.95

0.90

0.85
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LHCb-PAPER-2022-046

Viodelling the misiD background  Lrcs-paper-zoze-oss

: FailPass (FP) PassFail (PF FailFail (FF)
® Pass&Fail method . Bty Khate- ) T s Ktete-
» Invert PID selection In data to M . M . _/\/\ .
m(B)

obtain the spectrum of misiD
enriched

PIDe

Transfer function from

» Subtract residual signal using D - DYK*r)t

simulation n data
» Use calibration samples to fold |

N the efficiency of the baseline -

. . . PassPass
PID criteria as a function of the ., o o .

ape and yield
: : of the misID background
electron Kinematics I\ contributio
m(B)
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Modelling the misID backgrouno

® Pass&fFaill method

Invert PID selection in data to
obtain the spectrum of misiD

enriched

» Subtract residual signal using

simulation

» Use calibration samples to fold
N the efficiency of the baseline
PID criteria as a function of the
electron kinematics

Heavy flavour 2023 - Quo Vadis?

LHCb-PAPER-2022-046
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Modelled by empirical model including a narrow and broad peaking
structures to describe fully and partially reconstructed misID backgrounds
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Backup:

Comparison to previous Ry measurement

comparison

Lé].) [Nat. Phys. 18, 277-282 (2022)]
O 240
C{l L 220§ LHCDb 1
N > 180 R + 3 — Total fit

' = 160 + SN . B*— Ktete™
s S $ A
LL V140 P Bl B - J/y(ete )K*
al g 120 G B Part. reco.
E § 100 : Combinatorial

© 80 F

I O
o) T 60
O § 4o0f.
1L 20
—1 ‘ r

- 5,000 |
c? ~ LHCDb 4 D}EK central-g*
|\ % 9 fb_l T; ) avd
QN S 200 I: Total
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C}I S ! Combinatorial
0 N ~ },{ " Misidentification
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ol — 100 [ |\ B o Kt /p(—s eten) T
<L 7! ) -
al + )
O S : %
e O . 1 I 1 . L. et ol il o PR .
- 5000 5000 6000

m(K*ete™) [MeV/c
Renato Quaglhani
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4+ Difterent PID cut used = Allowed o
+ Mis-ID rate from D™~ — D°(Kn)x

+ With new(previous) analysis requirements

: £0.033

stat °

Sample T — € K —e
(11+12) Run1 1.78 (1.70) % 0.69 (1.24) % R. Quagliani,
17115 Tonaes OSOULA0% Olodans  OCTN seminar
singlo-misID ) ot (Ren)
dotiemian X317 ()
+ Shift due to contamination at looser working ';f
point : 40.064 %
4+ Shift due to not inclusion of background in §.
mass fit: +0.038 §,
LHC Seminar, CERN 54
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LHCb-PAPER-2022-046

RGS U |tS fO [ R K & R K*O | HCb-PAPER-2022-045

- 0.090 0.029
14 E LHCDb Rig  low-¢ = 0.994100% low-g° Rx = 0.994 Zgog; (stat) Tgoa7 (syst),
- 9 fb—l Ry Central—q2 _ 09497:(0)%21[% Ry« = 0.927 +8 833 (Sta’t) 1_8 822 (SySt)a
| R lowg® —0008 | o o [Re = 0.949 1088 (stat) B0 (syst)
L2r Ry~ central-g°> = 1.0277000% R~ = 1.027 Tq065 (stat) Toz6 (syst),

I Data X2 = 1.6, p=0.812, 0 = 0.2
— SM

® \ost precise and accurate determination of

L FU ratios in b — s£¢ decays

e Compatible with the SM prediction

RK 1OW—C]2 RK Central-q2 RK* 1OW—q2 RK* Central-q2

Heavy flavour 2023 - Quo Vadis”? 20 P. Alvarez Cartelle (U. Cambridge)


https://arxiv.org/abs/2212.09152
https://arxiv.org/abs/2212.09153

What else from Runi&2?

Many results still to come from Run1+2 data

[LHCb, arXiv:1808.08865]
Rx precision 9fb~1

Ry 0.043
e | FU test in different channels [ Rkrn, Rk, Re, R4, Rm,. . ] R ye+0 0.052
Additional bins in g, m(K s o1
® tional bins In g<, m
ona S In g2, M(Kr), Rpk 0.105
e Comparison of angular distributions between e and p Ry 0.302
@300? | + | | | ILI—II(:IbI—; C\]D :I T 1 || | I B B 1 T 1 {\]: L L L
S N 4 fb_l _ S 60 LHCb (a) ; 300 B + LHCb —
9 250F E O | N P > : 1.1 < g*<6.0GeV*/c* -
>k L HCb-PAPER-2021-014 s 50} ][ B'— K'm*mutu = :
S o 3 | el i
_ 2OO§ S cn  4of < 2001 R(Km) ~
2 1505— (phi) E . 3 ++ {_ R(Krr) § ]
S 100F - & 20} 'H' A 00
© T X = PRI S00 P O SR . P S NSl st
0 ' — il — < 1000 1500 2000 2500 800 1000 1200 1400 1600
5300 5400 5500 5600 5700 O m(K*77°) [MeV/c] m(K*7") [MeV/c]

m(K*K u*tu) [MeV/c?]
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https://arxiv.org/pdf/1808.08865.pdf
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-014.html

Run1&2: High g7 bt

Combinatorial
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The high g2 region is experimentally more challenging
due to interplay between different backgrounds

» use g2 calculated without bremsstrahlung correction (g2-

nobrem), multivariate g2 selection, ... m(e)

Partially reconstructed

background

L 25 105
= R : g2-no brem veto
- % 20 10% T
© O MVA selection
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P | - 3
5 15 10
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o\
1 10
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https://arxiv.org/abs/1903.09252

Runi&2: Angular LFU

e Difference in angular observables between muons and electrons (e.g. Qs = P’s(u) —

» Complementary sensitivity to NP effects

» Very different experimental systematics

e At LHCDb, challenges introduced by the worse electron resolution (backgrounds, g2 migration,
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https://arxiv.org/abs/1612.05014
https://www.physik.uzh.ch/en/researcharea/lhcb/theses.html

Runi&2: Angular LFU

e Unbinned angular analysis to measure the difference in WC’s directly:

- =

¢) L,R 4 V(0) _ ~(8)y 2
AR = N (el = IRl

2myM g

q

[(Jé"’if,? (4"

)

— 167°

mp L

» ACy (o insensitive to truncation order of non-local contributions

71/\(612)} }

» Analysis ongoing in central-g2 (in parallel with individual p/e unbinned analyses)

0.50 W unbinned fit u
* unbinned fit e
0.25 - i binned fit u
binned fit e
0.00 - .
Toy experiment
A -025F LHCb Run2
-0.50 -
-0.75
—1.00 -
| | | | | |
2 4 6 8 10 12
q* [GeV?]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.013007
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Run 3 and beyond

At =
300 ps

LHCh—e ¢—————— LHCb Upgrade |F— o————L_HCb Upgrade ll —
LS3
= -1 LS2 — 33 HL-LHC - - -1 — 1. M . -1
Lix=101b Injector upgrade L£=2x10 ATLAS/OMS — L~ 90fh" LE4 L=1-2x10 LS5 =L~ 3001fb
Phase 2 upgrades

— )

LHCb Upgrade . incremental

improvements/prototype detectors

LHCb Upgrade |
Installation starts

® | HCb Upgrade | for Run3 and Run4 (£ ~ 2 x 10* s~'cm™2)

» Large detector upgrade, trigger-less readout and full software trigger

» Goal is to keep the excellent performance of Run1&2 in a more challenging environment
e | HCb Upgrade Il to fully profit from HL-LHC (£ ~ 2 x 10** s~lem ™)

» Novel technologies and timing information to deal with the pile up in the HL-LHC
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Going Trigger-less & fully software

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

Remove limitations from the
hardware trigger, to fully profit
from the higher luminosity

Design Run2
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Beyond the Flavour Anomalies |l

LO Hardware Trigger : 1 MHz
readout, high Ev/Pr sighatures

450 kHz 400 kHz 150 kHz

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online
detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

3 I I

Collect data at 5x the rate fo
hao

27

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

Buffer events to disk, perform online
detector calibration and alignment

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers

<) I K

- di-muon channels and 10x the rate for

ronic channels
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|
clectrons In Run3 O
oL }
=120~ LHCb Prelimina | —
% 2022 N | i
020100 | Signal: 1492 48 -
e | HCb will be running at higher lumi = more pile-up (~5x more tracks) Z _F I ]
> 80 4 Data: 272 pb" —
D B — Fi 7
» New tracking & vertexing 3 60 _Ztg | } Z
| | —8 : 1€na :
» ECAL remains unchanged (new electronics) and removal of PS and SPD detectors S qof T Peckeo , } -
O Tt :
» Removal of the hardware trigger 203_ B B
i Y/ :
- {' N g + PR | ‘} '
O BT YT Thiv ““":‘"’ """ =gy Sl Tl Sl s L el
e Larger occupancy & more material: more background in the calorimeter & larger 2000 2500 3000 3500
energy loss m(e’e’) [MeVic]
, LOEIectron thresholds in Run1/2
» Momentum and mass resolution (Brem. recovery) ~ —
o I
» Electron ID is more challenging in this environment § : M ++L1;Cb smmlau%
. : : _ = 0.8
Significant work to improve electron & calorimeter reconstructions S0 5 %‘“ Forward tracks :
06 | L ¥ .
i ‘d_ *— Allen, electron i
e Software trigger: use higher level information to select electrons more efficiently 04 N T pt giStfiBHtion, electron
- 7] LongfromB,2<n<5 .
» recover efficiency lost in the LO and the LO related systematic errors disappear ool ¥ N N
(oetter kinematic overlap between p and e) ZZIMHHDINIMI(1I1II DI
0 1000 2000 3000 4000
p. [MeV
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| FU in Run 3 and beyond S

® Rk and start to get systematically limited towards the end

Ry central-g

(fit) Misidentified backgroundsf
51-) (fit) Partially recoed bkg Systematic associated with the determination of misID backgrounds:
| (t) Combinatorial modelling - ® Uncertainty on the transfer function (calibration samples)
N (fit) Fixed fit parameters B 0.1 - ® Definition of control regions
8 (fit) Resonant mode fit model - 0.3 Fo 0.3 _
or| (¢ + fit) Modeling of mcoy, 2 0.2 E 02 Statistical component will be reduced with more data
- KK ’ :
H_J e Stability of 7y p— 0.8 - 04 Detailed studies of misID backgrounds & B — Khh' Dalitz structures
<g| © THeser = 03 2 02 will help keeping these under control
DI- e Kinematics and multiplicity fm 0.3 F 0.3
O] ¢ Particle ID & factorisation I 0.2 E 0.2
9 £ q° migration - 0.3 | B 0.2
1| & Form factors P 0.1 — ! 0.1
0 eddd i ek é PR W T é ek ;l 0 PR Tt i PO S Tt é PR S T é eddd 4
Toyst (%] Tyst 7] Ry precision 9fb~! 23fb~! 50fb~!
Ry 0.043 0.025 0.017
e Other ratios achieving sensitive precision v PO DA A
J P R, 0.130  0.076  0.050
e Ability to define smaller g2 bins Ryk 0.105  0.061  0.041
[LHCD, arXiv:1808.08865]  £x 0.302  0.176  0.117
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https://arxiv.org/pdf/1808.08865.pdf
https://arxiv.org/abs/2212.09153

| FU In Run 3 and beyono

® Comparison of the angular
distributions between electrons
and muons will give the ultimate
precision in LFU observables,

allowing to distinguish between

NP scenarios

Heavy flavour 2023 - Quo Vadis?

-----

1t

S 2. 5 N || | I ] I 1 1 1 1 I | ] ] ] |
O . —— SM = .
O _ ) ]
' 2 . scenario Il -
<] - scenario | -
1 . 5 . ]

[LHCDb, arXiv:1808.08865]

0.5}

OF

-0.5}
-1 -
- 30 contours : .
I — —
-3 ~2 -1 1
AReC,

Lines: Run3

Shaded areas: Upgrade

30

P. Alvarez Cartelle (U. Cambridge)


https://arxiv.org/pdf/1808.08865.pdf

I[/[ VS T r? Capdevila et al, PRL120 (2018)18180?

10}

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

: O RD(*)&RJ/LP 20
j [] RD(*)&RJNJ 10
1 B Br[Bs—>11]

| W Br[B->K"11]

1 W Br[B->KT11]

| U Br[Bs—»>¢r1]

tend to enhance b — st couplings

Br x 104
(@)

e As a bonus, one obtains higher order corrections ‘
to b — s£¢, causing a LFU shift in C,

» In many models additional couplings to lighter leptons can

be included to take care of e/p LFnU

8 0.084

SM prediction
7.734+0.49) x 10~ ¢
1.20 +0.12) x 10~ 7
0.98 +0.10) x 107
0.86 4+ 0.06) x 107

10.064

B, — 71

B — Krr [15,22]GeV?/c?
B — K*r1 [15,19]GeV?/c?
By — ¢r7  [15,18.8]GeV?/c?

10.044 C

10.024

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

x 7
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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

b — s17T

e At |least two undetected neutrinos in the final state
» Mass resolution, backgrounds (B — DDX)
» challenging for both Belle Il and LHCDb

[—
=
=N

3001::.,v..,v,.,.v.],v,'v..,..,,,,.]..vl...=:. E) ?—.— HCH Cc\)l %0
ol t BaBar, PRL 118 (2017) 031802 .g o | 2 K'Y > K
: { 8§ | +Dua =
+ F E 10° ¢ —T;)tals, 1 5 A lot of work ongoing on the experiments
= - . e B A . L
3 180 = 10 b _Backgf&id o to iImprove these limits
% toof- = i i’ e Additional modes (e.g. B, = ¢rr, A) = pKr1)
sof- E e B - ® Favourable kinematic regions
: . N o ® Both hadronic and leptonic T decays
- e e P EE— "0 01020304 0506070809 1 T S
MLP output Neural network output ® TT— U re-scattering In B — K//t//t
Limit [95% CL] Current LHCDb [9/fb] LHCDb [50/fb] LHCDb [300/fb] Belle |l [50/ab [J. Cerasoli, PhD Thesis]
B, — 7T 6.8 x 1072 (LHCDb) 3 x 1073 1 x 1073 5 x 107° 8 x 1077 (¥ HCh. arxiv{ 808 08865
Bt — Ktrr  2.25 x 10~3 (BaBar) 1 x 10~? [(LACD, arXiv:1808.0886
BY - K*0rr 225 x 10~ (BaBar) 3 x 1074 1 x10~% 5x 107" 1 x107° [Belle Il, PTEP(2019)123C01]
(*) Assumes 5/ab at the Y(55)
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https://dx.doi.org/10.1093/ptep/ptz106
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.118.031802
https://arxiv.org/abs/1703.02508
https://arxiv.org/pdf/1808.08865.pdf
https://cds.cern.ch/record/2804066/files/CERN-THESIS-2022-017.pdf

Summary

® | atest measurement of Rk and Rk In agreement with the SM prediction

» Most accurate description of the mislD background in the electron modes

® Many LFU measurements still to come from LHCb Run1&2 samples

» Additional modes, high g2 and first angular p/e comparisons

® Ongoing Run3 comes with new challenges but we are working hard to maintain performance
unchanged

® |ncrease In data rate opens new possibilities for precision LFU measurements
y b - df°t

» Differential measurements with finer binning

e Belle Il will be complementary in the study of b — s£¢ transitions

» Crucial for measurements of b — stz and invisible final states
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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 I, 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 360
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Goal in the mid 2030ies:
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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

<

K™
B*
M’ =
V)
S—
M 2
— NS L
[ = =
[+
7’
- 7’
L
T, i
—
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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 -
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~~
B
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°
= w
= 500 .
O
0-...,111.111.1111
0 1000 2000 3000 4000 2000
My, [MeV]
Scenario Cy (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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LHCb, PRL 123 (2019) 211801

x 7

Events / 120 MeV/c?

Br(B — Ktp) < 2.8 x107° @90% CL
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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

