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Physics

« Why rare B decays7 | :

- Strongly suppressed by the Standard Model (5M)
- Sensitive to indirect effects of New Physics (NP)
— Access to test couplings to 3™ generation quarks

» Observables in experiments

— Branching fractions (“Br”) and Angular observables
= Searching for deviation from the SM predictions
= Searching for violations in conservations

— Lepton Flavour Universality (LFU) ratios ( 3% i@
= Physics beyond the SM or Extensions to the SM

Rare B decyasand Flavour anomalies at LHCb



LHCb: A flavour physics detector with high luminosity
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= 9 fb-' data (Run1 + Run2)

" Acceptance " Angle (mrad) = Excellent tracking and PID performance J
2<n<5 10 < 6 < 300 .

LHCb detector


http://dx.doi.org/10.1088/1748-0221/3/08/S08005

Searching for strongly suppressed / forbidden decays
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[ Runl + Run2]

Biy = mtp

PhysRevl ett.128.041801 & PhysRevD.105.012010

= Golden channel for searching new physics _ cus
— Highly suppressed in SM: helicity suppressed + FCNC _ LHCb ooy outsn
- Hadronic contributions are clear and well known from Lattice QCD ATLASHCMS+LHCD
ATLAS
- Results are consistent with SM predictions within 20 ous
I BT(B.S(‘) i :u+:u_) == 309i822 ig%ix 10_9, BT(BO = M+ﬂ_) < 2.6 X 10_10 @95(y0 CL IP_FI:LI(1:12(2017)191801 !
- Br(B? - ‘u+,u_y)mw>4_9 Gev/c? < 2.0 x107° @95% CL SM Prediction  1e) s 3.66 = 0.14
- 7(BY » p*p™) = 2.07 + 0.29 £ 0.03 ps BE = i) (10

LHCb —e— Data contours correspond to 68%, 95%, 99% CL regions
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https://doi.org/10.1103/PhysRevLett.128.041801
https://doi.org/10.1103/PhysRevD.105.012010

Other leptonic decays
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« B, — e*e™ (PhysRevLett.124.211802), with Run1 and part of Run2 data

—34— 20112012 data

—— full model

B combinatorial

|l B - Eoe*v‘, decays
B— Xete™ decays

I X ,— h'e” V, decays
B— h*h'~ decays
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- Br(Bd s ete™) <11.2x107° @95% CL, Br(B° » e*e™) < 2.5x 107° @95% CL

» Also searched for B(;, - t+7~ (PhysRevleit.118.251802) with Run1 data (3 fb™')
- Br(B2 > 1tt17)<6.8x 1073 @95% CL, Br(B° - tt77) < 2.1 x 1073 @95% CL

No signal event is observed Br upper limits are consistent with SM predictions

[Hna/yses with full Runl and Run2 dataset are ongoing

Rare B decays


https://doi.org/10.1103/PhysRevLett.124.211802
https://doi.org/10.1103/PhysRevLett.118.251802

Other leptonic decays

[ Runl + Run2] é

. B&.) > utu~utu~ (JHEP03(2022)109)

S —

- Decays with resonances are also searched

= Boy = alptu™)a(utu)
= By = J/butp)utu”

- No signal is observed for all channels
- Most stringent limits up to date @95% CL
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https://doi.org/10.1007/JHEP03(2022)109

Other searching

* B > ¢putu~ (JHEP05(2022)067)
- Not observed, Br(B® - ¢u*tu~) < 3.2 x 1072 @90% CL

* BY > f,(1525)utu~ (PhysRevlett.127.151801)

- Observed at first time
- Br = (1.57 % 0.1954q;. + 0.065y5; +.0.06,2 + 0.08,,5,5,) X 1077

pu~ —t-data LHCb
— total 9fb!
— BY - f£,(1525)utu
combinatorial
—.— other BY — K*K u+u-
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https://doi.org/10.1007/JHEP05(2022)067
https://doi.org/10.1103/PhysRevLett.127.151801

Lepton Flavour (Number) Violating (LFU/LNV) decays

= LFV has been observed in neutrino sector = May also exist in e/ﬂ/r?

= An observation or a deviation will give clear sign for- NP
- LNV = Matter-antimatter asymmetry?

»BY > putet & B® - K*Oute™ (arXiv:2207.04005)
» No signal is observed in all 4 channels
> BY - ¢pute™ is firstly searched and currently best upper limits are set

[ Runl + Run2 ] |
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https://arxiv.org/abs/2207.04005

Lepton Flavour ( Number) Vlolatmg ( LFV/LNV) decays

>BY - K*0¢%

> Partially reconstruct Rt o ptpFrtEYe

> Corrected mass: m.,,, = \/sz_ + M.y, + Ipo| = Minimum mass of the reconstructed B

> No signal is observed
> Br(B® - K*%1%u7) <1.2x 107> @95% CL
> Br(B° - K*°t ™) <9.8x107° @95% CL

[First search on this decay mode!

LHCD prelim, ~—#— ObsavedCLs
Expected CLs - Median
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Ktt~

LHCb _ LHCb
9fb! 9fb?

0T -
BR(B>» K p¥)
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pt (LHCb PAPER-2022-021, in prep)
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Lepton Flavour ( /\/umber) Vlolatmg ( LFV/LNV) decays

>B(S) - pU (LHCb PAPER-2022-022, in prep)

» Using B* - J/y(utu~)K* as normalization channel

» Multilayer perceptron (MLP) classifier is used to separate S|gnal and
combinatorial background

[ Runl + Runz]

» No evidence of signal decays
> Br(BY - pu™) < 1.4 x 1078 @95% CL
» Br(B° - pu™) <3.1x107° @95% CL

LHCb H ?"‘:“] LHCb prelim. LHCb
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[First search on this decay mode!
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Searching deviation in decay phase spaces
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Angular observables

=~ B = — ————— = - —

= Observables sensitive to Wilson Coefficient in g2 bins:

1 &('+7T) 9 3 1 s by =
S S S 1 9\ 1+ =cos20 » F;:longitudinal polarization
d(I' 4 T') /dg? dcost); dcostl dg 327 H4 [ . s O + LUH ) eractiog :

+F cos” O (1 — cos 20))
f 2 2y P L Y g
"311"12 O sin” 0 cos 2¢ + Sy sin 20 sin 26; cos ¢

Ny A ., CP. i
1 A sin 205 sin ; cos ¢ + ;4( in2 0 cos 6 » Agpp:di-lepton forward-
5 backward asymmetry

» S;: CP-averaged observables

+57 sin 20k sin 0y sin ¢ + Ag sin 20 sin 26, sin ¢
{0 c 9 . A .
+Agsin’ 0 sin® §; sin 2@)} (9)

= "Clean” basis: cancellation of Form Factor at leading order

2
Pi=Ss/F(A-Fp)  P=3A% /A-F)

arXiv: 1207.2752

Angular observables


https://arxiv.org/abs/1207.2753

£ ¢ | [ Runl + Run2]
S - l'l' I'l' thsRevLett 127. 1';1801 & JHEP11(2021)o4q

S S— —

Most precise dlfferentlal branchmg fraction measurement of this decay in
q® € [1.1,6.0]GeV?/c*

- 3.60 below the SM prediction (LCSR+lattice), 1.8¢ below the LCSR only prediction

- Consistent with previous LHCb result

- Most precise angular observables measurement up to date
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151801
https://link.springer.com/article/10.1007/JHEP11(2021)043

B+_—> K*+”+”_' : : [ Runl + Run2]

PhysRevlett.126.161802

S —

= The full set of CP-average observables is measured in g2 bins .

= A local deviation of 30 from the SM prediction is observed in P,

- The pattern of deviations consistent with previous measurement in isospin decay B° - K*%u*u~ (PhysRevlett.125.011802)
- Apg and F; results are consistent with CMS (JHEP04(2021)124)

LHCb

—4 Data 9fb!

SM from DHMV

LHCb
—4— Data 9fb !

SM from DHMV

Angular observables 15


https://doi.org/10.1103/PhysRevLett.125.011802
https://link.springer.com/article/10.1007/JHEP04(2021)124
https://doi.org/10.1103/PhysRevLett.126.161802

Testing Lepton Flavour Universality (LFU)
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[ Runl + Run2]

NaturePhys.18(2022)3"

Bt > K*I*l™ (Rg)

S —— = —_— - —

Electroweak couplings are same for leptons in SM
- AKA Lepton Flavour Universality (LFU)

Measurement of R in g% € [1.1,6.0] GeV?/c*
- Using double ratio to control systematics

B(B*— K*ppu™)
+ )
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https://doi.org/10.1038/s41567-021-01478-8

[ Runl + Run2]

B* - K**'l*l” (Rg:) and B — KU1~ (RKg)

— = —

= Challenge in LHCb long-lived partlcle K - First observation of electron mode!
nr reconstruction |

thsRevLett 128 1q1802

LHCb i Data9 b
— Total

§ Data9fb
— Total
B'—Klete
Comb. Back.
B> Kln'n
BB - Jyle ) I\:'

= Long tracks, decay outside vertex locator

= Lower effic_iency = low signal yields Comb. Back.
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Measurement results are consistent with
SM within ~1.50
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https://doi.org/10.1103/PhysRevLett.128.191802

Summary

* Rare B decays and flavour anomalies provide stringent tests of
New physics

« LHCb has already done tests based on Runl and Run2 data

sample
— No significant. deviation is observed yet :

» Updates with more data and new modes are under development
- With full Runl and Run2 data sample
« LFU: Ryg, Ry Rme-
« LFV/LNV: A% - A(1520)ute™, BY - Ktetyu™..
= Angular observables: B -» Ktete™, B% - K*%ete™ ...
- Run3 has started
» Expected to accumulate ~23 b’ data at the end of Run3

Stay tuned

Keep calm and stay tuned

E— _ — = = — ————— e =—
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Combined result of B¢y —» u*u~ ATLAS-CONF-2020-049

= z S —

CMS

BPH-21-006 <1.9

LHCb
PRL 128 (2022) 041801 <2.6

ATLAS+CMS+LHCb <19

ATLAS
JHEP 04 (2019) 098 <21

CMS
JHEP 04 (2020) 188 <3.6

LHCb

PRL 118 (2017) 191801 <34

SM Prediction
Beneke et al, JHEP 10 (2019) 232 1.03 + 0.05

06 ATLAS, CMS, LHCb - Summer 2020
' - /’/Prcliminary RN ATLAS
2011-2016data oS

TTT®=z-._ ---LHCb
> — Combined
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PRL 128 (2022) 041801 2.07 £ 0.29

CMS+LHCb Combine 1.9140%7

BPH-20-003 -0.35

CMS +0.61
JHEP 04 (2020) 188 1.707 44

||=-n|-|_|912 (2017) 191801 2.04 +0.44

&(‘»BIVI )Prediction 1.616 + 0.010
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. 3 4
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http://cds.cern.ch/record/2728059/files/ATLAS-CONF-2020-049.pdf

Rg

- 17,4 in different phase spaces.
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