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| Electroweak penguin decays

— Processes mediated by b — s£¢ transitions are
sensitive to New Physics (NP) Neutral Current

» Suppressed inthe SM: BR ~ 10~/ = 107° & /j
f

L

> High energy mediators can modify the amplitudes W§ t
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Electroweak penguin decays

— Rare b decays can be described by an effective theory:
—» Effective coupling Neutral Current

o 4GF Z co Wilson Coefficients (WC) b /j
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open charm threshold) s
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<« increasing hadronic recoil q2 [G evz] q2 — m2 ( f_l_ f_)

increasing dimuon mass = O 9, O 10 s
= NP can introduce new operators or modify the WCs depending

on Iits structure: Cl- = C,-SM T Cfvp _____'E
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https://arxiv.org/abs/1606.00916

| Experimental Observables P =m0

= Large variety of observables available:

» Differential branching fractions: Large hadronic form factors uncertainties (20-30%)
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Experimental Observables g2 = me )

= Large variety of observables available:

» Differential branching fractions: Large hadronic form factors uncertainties (20-30%)
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https://link.springer.com/article/10.1007/JHEP04(2017)142
https://link.springer.com/article/10.1007/JHEP06(2015)115
https://link.springer.com/article/10.1007/JHEP06(2014)133
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151801

| Differential branching fractions: A, — A(1520)u*u~

= Latest news from baryonic sector!

» First measurement of differential BF(Ag — A(1520)( = pK )u"u™)

» A\, = pK J/y used to normalise and to correct the simulation

> Difficult to estimate the agreement with the SM predictions

Candidates / (8 MeV/c?)
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https://arxiv.org/abs/2302.08262

| Experimental Observables

= Large variety of observables available:

» Angular distributions of the final state particles:

** Reduced form factor uncertainties

N

** May be polluted by “charm loop” effects, hard to predict
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described by Q = (6,, O, ¢)

Angular distributions: K*u™u~

- The coefficients Fy, Agg, S; are related to WCs

— New basis of P; operator to reduce form factors uncertainties:

— The angular distributions of the B — K*u*u™ decay is

- QObservables are extracted from a multldlmensmnal fits in the angles, WL(Kﬂ') m(Kruu)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.011802

| Angular distributions: K™ Tutu~, ¢putu~
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https://arxiv.org/pdf/2012.13241.pdf
https://link.springer.com/article/10.1007/JHEP11(2021)043

Experimental Observables

= Large variety of observables available:

» Relative rates of b — su = and b — seTe™, of the form

EPJ C76 (2016) 8 440

=1+ 0O(107%)

P BB — KOutu)
K97 BB - KMete)

* are clean: QCD uncertainties cancels out in the ratio

 are predicted by the SM with very high precision
<+ Intriguing deviations observed in the past years
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LLFU ratios: Electron vs Muon %

ECAL

- Relative rates are sensitive to differences
between leptons:

Tracking

| Tracking
\

R. — /VB+—>Xe+e— €B+—>X/,t+lu— . / e
X

X =K, K*, ... =/VB+—>X/4+;4— EB+— Xete- ‘ m <
vertex  m * o

= Most electrons emit bremsstrahlung photons:

Not in scale

O

» Need to recover the photon cluster energy

= High occupancy in the ECAL

» Higher energy thresholds — lower statistics

- Worse p resolution, lower PID and tracking
efficiencies than for muons




| LFU ratios: Electron vs Muon .

)

. . . RS R central-g>
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= Most electrons emit bremsstrahlung photons: m(Kete™) [MeV/c
» Need to recover the photon cluster energy ) | ILHICbI - éK clentrlal—qIQ :
- 1000 9 fbh * oo -
- High occupancy in the ECAL =0 i - Sigal
- - Combinatorial A
» Higher energy thresholds = lower statistics § 1000 - f* -
g : ) :
- Worse p resolution, lower PID and tracking 2 500F j 'L -
- . -
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https://arxiv.org/abs/2212.09153

I LFU ratio: Experimental strategy

- Ry is measured as double ratios, to mitigate e/u reconstruction differences

arXiv:2212.09153v1

LHCbh9fbh !
~e+ qw(BT) et w(BY)
NnoI1e - » -

» Yields: fits to the invariant » Efficiencies:
. . +WPpID [ f 7
mass corrected simulation
T WTRK [ . -
. . TUWMult&Kin [ f o
- J/y satisfy LFU at O( < 1%), not mediated by b — s£¢ L F ) )
- |ntensive use of the resonant channels for checks/data +WHLT [ T -
driven studies +WReco [ » —
+WRes [ L T ]
KB — XJy( — pup)) _ 1 TR L

> rf/l//:

BB — XJ/y( — ee)) A(Tﬁ(/w) %) |
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https://arxiv.org/abs/2212.09153

= |atest and most precise LFU ratios by

measuring simultaneously Ry & R+ with the ==
full LHCb dataset 14 LHCD R low-g> = 0.994+0094
. o i Ofh 1 Ry central-¢> = 0.949190°%
= Results in agreement with SM predictions _ Rie  low-g2 = 0.927+00%
within 0.20 Lar Ry central-g? = 1.027+0077
- Shift wrt to previous measurements < I
< 1.0F
(superseded) due to e : I ]
» Tighter PID requirements 08h
» Addition of mis-identified background j t Data > =1.6p=0812 0 =0.2
. . — SM
component in the fit 0.6
* Main SyStematiCS Ry low-¢° Ry central-¢° Rpy- low-¢° Rp central-g°

— Future: more decay channels: Ry, Rk, Ry, Rk, - - - |
14


https://arxiv.org/abs/2212.09153

JHEP 06 (2023) 073
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https://link.springer.com/article/10.1007/JHEP06(2023)073

LFV with taus

arXiv:2209.09846
ST

B(B® - K07+ i) < 1.0 (1.2) x 103

a |
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https://arxiv.org/pdf/2209.09846.pdf

Conclusion & outlook

- b — s£¢ are ideal probes for New Physics
= LHCb intensively studied these processes over the years

> Measurement precision limited by the statistics available
= Run3 started!

» |LHCb detector undergoing staged upgrades (see talk by Federica Oliva)

% Replaced vertex, tracking detectors: Better vertex resolution

“* Removed hardware trigger: Better efficiency (especially for the electron
modes)

= Measurements from other experiments (Belle Il, CMS..) will be fundamental to

solve the flavour puzzle
—
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https://indico.in2p3.fr/event/28579/contributions/126432/
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Backup
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= New Vertex Detector
= Pixel silicon detector

= Trigger-less readout

Side View Ecap HCAL s M - Software HLT on GPU
M3

SciFi ~ RICH2 V> = New tracking stations:

Tracker e

= Scintillating Fibers (SciFi)
and Silicon micro-strips
(UT)

. = RICH: New PMTs + new
.............. " eleCtrOmCS

=l B
Vertex *
Locator |

oooooooooooooooo

= Calorimeters

= PMT gain reduced by a
factor 5, FEE redeveloped

.....

= Muon system

= FEE redeveloped |
BEAUTY 2023
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| B — K *u™p~ angular distributions

3
= 39 Z(l — F1) sin® O + F1, cos” Ok

1
=|= Z(l — FL) sin? O cos 20;
— FY, cos? Ok cos 20; + S5 sin® O sin? 6; cos 20
+ S4 sin 20k sin 260; cos ¢ + S5 sin 20 i sin 6; cos ¢

4
—+ gAFB sin? O cos 0; + S7sin 20 sin 6; sin ¢

+ Sg sin 20k sin 26; sin ¢ + Sg sin® O sin® ; sin 2¢
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| B, = = (y)

PRL 128 (2021) 041801

x 7

= Helicity suppressed, very rare decays ;40_ ' 'ﬁféb T E% :
= Precise SM predictions §,3O' BDT 205 S
BF(BY — p*p™) = (3.66+0.14) x 10~ 2ok Damn
STEON g\ o et
BF(B® = utu™) 2 (1.03 £ 0.05) x 101 : 10;_"~+,~%+ . s
— Sensitive to axial-vector coupling C S 0 Al
“s000 . sso0 Qéoo
B( Bg — ,u+ 'u—) — (309—_|—82361—(§)1115) % 10—9, ~ - 'mulw- [T\4e\'//c _l
0 + - ~10 a. : LHCb h
B(B° - utu~) <2.3(2.6) x 1079, o0 3 e f
B(B? N ,u+,u—7) < 1.5(2.0) % 10~9 < [First limit S 6_— 0.55<BDT<100 -
. 0 5 4:_ * Data -
\. i , Wh l‘ > 4.9 Ge/ ;,:) 2: — Effective lifetime fit
— BSO ifetime is sensitive to NP OE
0 5 -

10

Consistent with the SM at 1.5¢6 Decay time [ps] |
10
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.041801

| B 2 — u"u~ Effective Lifetime

PRL 128 (2021) 041801

x 7

I L] L] L] I

— The B! lifetime is sensitive to NP < 25F], LHCb » Dan
> - 9 fb! — Total .
] ] Y 20F <BDT <100 — BoHw =
TBO 1 —|— ZAZI'{,, Vg —|— Vs > E 0.55<BDT<1.00 | Combinatorial -
T,u"',u_ — > 5 ;'u : 15_'I E
l—ys | 1+AxrYs < ol :
o S sH. E
> AAFS = | for the SM ks OE : :
+ BY — uu only from heavy mass eigenstate % 5400 5600 5800 6000
S . . O mﬂ*ﬂ_ [MGV/Czd
* Access to the CP structure of the interaction . A
A, -
= Strategy: 0 ]559 b :
» Dataset split into two BDT bins S oS BDESL
* Data
v-O —_—
» Fit to background-subtracted T distribution via O — Effective lifetime fit -
the sPlot technique > B

d - 5 - 10 o ,
Consistent with the SM at 1.5¢ Decay time [ps] |
11

Sara Celani BEAUTY 2023


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.041801

| BS — u"u~ Effective Lifetime

— Oscillations between flavour eigenstates BY, B?
- Two mass eigenstates By, By
- For SM BS — ,u+,u_ only from heavy eigenstates
— Az’li sensitive to scalar or pseudo scalar NP

CO, O Wes

contribution: C1(8’

g0 [1+2A% ys + 5
o l_y% i 1+A;X{"Sys

ys = AL,/(2T,) AL = -2R(4)/(1 + |A]%),

withA=(q/p)(A(BY—»utp™)/A(BS—»pp)).

Sara Celani BEAUTY 2023

Aar = — =3 |
Ry + Ry,

b W:t S

it -
B ucth Yoct B
S AVAVAVA\ I

S w* b

b TR )

- - g
B0 W w> B
— >




— Helicity suppressed, very rare decay 0(107°)

= Fully leptonic final state: Very clean SM predictions (few percent)

1 In agreement with
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Whyvnoth — st71~

= Decayv vertex position reconstructed from pions tracks

e Minimally corrected mass: M. = \/ M?Z_+ pZ sin’6 + p,; sin @

VIS

= Hadronic decays can be reconstructed analytically

e Impose the constraint m_= 1776.86 MeV

— — 2 -
(mz? + m327t) I P 37t| cos f + E37t\/(m12 o m?%zr)z o 4m%2‘ P 3JZ'| sm2 v

o || =

2(E3, — | P32 | cos? 6)

= Momentum direction from tau and B decay vertices

e Refit of the decay chain applying mass constraints:
e Improve mass resolution
e Need to initialize the fitter, analytic reconstruction can be used

e Fitter can fail, reduced efficiency

RY/1



Wh nOt b % STT B ? PRL 120 (2018) 181802

= taus could be the most sensitive to NP, still largely unexplored

= More complex experimentally

» Neutrinos in the final state, m(z7) weak discriminant
» No 47z coverage at LHCb

| B Rym&Rm 20
-_ g RD(*)&RJ/LP 10
{ B Br[Bs> 1]

| W Br[B->K*r1]

{ I Br[B->Kr11]

| O Br[Bs=¢r1]

10*

Br x

= Usually searched with : 7 — a,(1260) v, — p(770)07r_1/T AR

> Study intermediate resonance forms cross-shape

RX/}?;iM
. . . . BT
- Exploit a large variety of MVA techniques o HChsimulation 5 4
> |solation, selection and fit variables 2 T el 3 . 3
S [ ik R 0 A
ool (i R
= Difficult choice of control regions to model the background & a | s

» Pseudo-Dalitz plane: define signal and background boxes

600 —Hp - LR e 2~
SM prediction | Limits @90% CL | E . e
B? - 17 (222£0.19)- 10 | < 1.6-10% (LHCb) | | 1 4| 1ok upgrades ST oA
—7 . 103 ] 200 b 1L g
BY - 11 (7.73 £0.49) - 10 <5.2-10™ (LHCb) | — 2y yields for fully 200400 600 Somn,,ﬁm[)Meléc/)SZ]
B° - K0z | (0.98+0.10) - 1077

BT = Ktr1 (1.20 = 0.12) -

Ongoin : *
9 39 hadronic decays! PRL 118 (2017) 251802  PRL 118 (2017) 031802 |
<2.3-107° (BaBar) —
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.181802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.251802

| Upgrade

Ryx precision 9fb~! 23fb~! 50fb~!
t Rg 0.043 0.025 0.017
b—stt| Rpso 0.052 0.031 0.020
Ry 0.130 0.076 0.050
¢\ Rpk 0.105 0.061 0.041
b—dett] R, 0.302 0.176 0.117
Observables Belle Belle 11 Belle II
0.71ab~" Sab™’ 50ab"’
Rk ([1.0,6.0] GeV?) 28% 11% 3.6%
Rk (>14.4 GeV?) 30% 12% 3.6%
Ry~ ([1.0,6.0] GeV?) 26% 10% 3.2%
Ri+ (>14.4GeV?) 24% 9.2% 2.8%
Rx. ([1.0,6.0]1 GeV?) 32% 12% 4.0%
Ry, (>14.4GeV?) 28% 11% 3.4%

—



Pass-Fail
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