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Electroweak penguins

- b — s(d) [l quark transitions are flavour-changing neutral currents (FCNC)
- Suppressed in the SM, occurring via loops or box diagrams
- Small BR prediction ~ 107 — 10~/

- Sensitive to New Physics (NP) contributions

SY
SY

NP mediator

—_—

> NP particles could:
- Enhance or suppress decay rates
- Modify in final state

- Introduce CP violation source
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Electroweak penguins 0 TRCY @

PPNP 02 (2017) 50 tree-level b — cCs > At heavy hadron scale, FCNC described by Weak Effective Hamiltonian
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Local Operators
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NP can modify the WCs : C; = CfM + Cﬁ.VP
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Probing different g* = m(I/*17)? regions provides access to different WCs
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https://arxiv.org/abs/1606.00916

Analyses in b — s(d) uu

Branching fractions

dB(b — VID/dg?
B(b — VJ]ly)

Angular observables

Lepton Flavour Universality B. Mitreska : Tests of LFU and
| searches for LFU at LHCb

b W s (d) b
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https://indico.cern.ch/event/1114856/timetable/#83-tests-of-lepton-flavour-uni
https://indico.cern.ch/event/1114856/timetable/#83-tests-of-lepton-flavour-uni
https://indico.cern.ch/event/1114856/timetable/#83-tests-of-lepton-flavour-uni

Differential branching fractions:
b— s u u"



Run 1 (3 fb~") b — s u™u~ Differential branching fractions 0 TG @
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https://arxiv.org/abs/1503.07138
https://arxiv.org/abs/1606.04731
https://arxiv.org/abs/1602.01399
https://arxiv.org/abs/1403.8044
https://arxiv.org/abs/2206.03797
https://arxiv.org/abs/2206.03797
https://indico.cern.ch/event/1114856/timetable/#52-fits-to-measurements-in-rar
https://indico.cern.ch/event/1114856/timetable/#52-fits-to-measurements-in-rar

Run 1+2 9 fb~) Y

Do putum
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Veto q2 regions :

- factor four increase in number of B;) from 2015 paper

Reconstructed in the K™K~ ™~ final state

- Dominated by tree-level b — c¢Cs modes

- Contributions from BY — ¢( — uu™) ¢ at [0.98,1.1] GeV?/c*

- BY — J/y ¢ used as normalisation

SM tension

In low g* [1.1,6.0] GeV?/c*

1.80 (LCSR)

[PRL 127 (2021) 151801

l] o

- == BSM best fit
BSM benchmark

SM prediction
FH LHCbH 2021

B(BY — ¢pu*tp™) = (8.14 £0.22 £0.16 £0.39 +£0.03) x 10~/

> Differential BF determined via simultaneous fit to rare q2 bins, via extended ML fit
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https://arxiv.org/abs/2105.14007
https://arxiv.org/abs/2206.03797

Run 142 9 b~ Y B) — f5(1525) pu*u~ [PRL 127 (2021) 151801]

First observation of a rare semi-leptonic decay involving a spin-2 meson \Q;'\\O(\ ~a
in the final state ®Q§< & &(0(\
. : 0 + - \\i‘ @"‘l\' N
Similar selection to By = ¢ u™pu~ from same paper 5}’5\ 6\\6\ &90 &0\0
Combined fit to q2 regions [0.1, 0.98] u [1.1,8.0] u [11.0,12.5] GeV?/c* B(BY — foutp™) = (1.57 £0.19 £0.06 £0.08%0.06) x 10~

2D fitto m(KTK u ™) and m(K*K™)

S- and P-wave resonance contributions from e.g. ¢ and ¢(1680)
combined in fit

BF in agreement with SM
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https://arxiv.org/abs/2105.14007

Run 142 9 fb) Y A) = A(1520) ptu~  [arXiv:2302.08262
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https://arxiv.org/abs/2302.08262

Angular observables



Angular analysis: B — VII 0 THCP @

| | | | BO N K*OM+M
>~ Extract more information, complementary to branching fraction measurements
- Kinematics of B — VI decays described o 1|¥_: . N M —
: .. PaY — = Belledata © CMSd .
entirely by ¢* and helicity angles, Q = (6,, 0;, ¢) 0.50] O o DEMY Z
. ‘T . SM from ASZB 7
- Complex angular structures gives access i ‘ | 1 |
. . O 1| Covered by
to different operators in H, E {__ @“f—‘ : | M. Rama
_ S -0.5 _L 75_ :U\]J\
- Self-conjugated decays access CP averaged (9)) : . 2 S _@:T_
and CP asymmetry (A;) observables, sensitive to NP in WCs C, ¢ ¢ -10— —
, S , g* [GeV?/cY]
~ Observables with reduced form-factors uncertainties: P; = , eg: the P5 tension
V(1 = Fp)
AR C O 99+O 25 _: 2R0u1%1 —_— BS—>¢%L+M‘ (FL, S3,4,7) 8.4~ = i LHCDH 9 fb—l E flavio v2.0.0
e( 9) — —021 Runlj—2016 ! - —— Bt = K*uty ]

preferred over SM at 3.30

\
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—é.() —i.5 —i.O —(I).5 OTO 0?5 110 115 QTO —
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B’ —» K u*p~ B) — ¢ ptu-
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https://arxiv.org/abs/2003.04831
https://arxiv.org/abs/2107.13428
https://arxiv.org/abs/2012.13241
https://arxiv.org/abs/2003.04831
https://indico.cern.ch/event/1114856/timetable/#18-searches-for-np-in-rare-had
https://indico.cern.ch/event/1114856/timetable/#18-searches-for-np-in-rare-had

Run 1+2 O f5~") Y Bt - K™*u*u~ [PRL 126 (2021) 161802 [ IRkl

V> (K - Kt ptum, K — ntnT 1 a@(r+D)
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B ~ 1 — F 20 F 29
. d(F + F)/dq2 dq2 40 . [ ( L) sin“ @ + Fy, cos® Ok
>~ First measurement of full set of P-wave observables

+i(1 — F) sin? 0y cos 26,

S-wave treated as nusiance parameters —Fy, cos? O cos 20, + Sz sin” O sin® 6, cos 2¢

.. (,)
g Optlmlsed observables (Pl ) used +.54 8in 20 i sin 20 cos ¢ + S5 sin 20k sin 0y cos ¢
>~ The majority of observables show good agreement with the SM predictions +3App sin” O cos 0 + S7sin 20 sin 0, sin ¢
. . . / . . . . . . . . 2 . 2 .
- Deviations in Ps (S5) and P, (Azp) in the low ¢ bins confirm the global tension +S sin 20 sin 20; sin ¢ + Sy sin® O sin® ; sin 26)

observed in BY — Kt~
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https://arxiv.org/abs/2012.13241
https://arxiv.org/abs/2003.04831

Run 142016417418 (8.4 fb™) B) — ¢ utu~ [JHEP 11 (2021) 043]
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F, =S, : fraction of longitudinal g2 [GeV?/¢*] q* [GeV/c?]

polarisation of the hadronic meson

> Complementary to BF measurement — same selection criteria
> Update of JHEP 09 (2015) 179

> Simultaneous fit to Q, m(Knruu)
> S-wave not constrained (treated as systematic uncertainty)
> Agreement between SM predictions and data — CP asymmetries ~0

> Mild tension seen in FL
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https://arxiv.org/abs/2107.13428
https://arxiv.org/abs/1506.08777

b — duu



Run 1+2 (9 fb~!

O > & utu~ search
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b— s(d) u -

R =

Searched in rare q2 regions

Normalised to B;) — ¢ u ", with existing LHCb measurement

B(BY — ¢utu)
B(BY — ¢utu~)

< 4.4 %1073 at90% CL

Upper limit, accounting for full c]2 range:

BB' - ¢utu™) <3.2x 1077 at 90% CL

Compatible with SM predictions

@ LHCDb

[JHEP 05 (2022) 067]

> At tree-level, decays via s§ colour-suppressed

annihilation penguins, BF ~O(1071%)

> Dominated by EWP contributions from @ — ¢) mixing
with larger BF ~O(10~'Y), with potential NP effects

Partial Reco
Combinatorial

A) = pKptp~
BY - (D7 = ¢u0) u*v
BY 5 (K - K*n) utu~

Candidates / (5.88 MeV/c?)
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No statistically significant signal observed
above the background
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https://arxiv.org/abs/2201.10167

Summary

New results: o Run 1 & 2:
i ;

- Several results in semi-leptonic b — suu sector - More results to come:

~ Steps into measuring b — duu observables - Updates of Run 1 measurements

. Constraints on NP models - Analysing new channels/observables

- Eg: Can perform unbinned angular analyses

> Tensions with SM persist

Stay ¢
Un
0% Ly, 10" Ma,

res .
- B the future,U/tS in

- 5x luminosity, aim to collect 50 fb~! in Runs 3 & 4

> Large step in sensitivity of EWP measurements

- Opportunity for precise measurements in b — dl™1~
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Thanks for listening

LHCb Control Room 10178

.. Launch of the LHC Rn Fe







LHCDb results

>~ Branching fractions:
B —- K% u*tu= (Run 1) [JHEP 06 (2014) 133]
A) = A° utu~™ (Run 1) [JHEP 06 (2015) 115 + erratum JHEP 09 (2018) 145]

BY — K*(892)" uu~ (Run 1) [JHEP 11 (2016) 047+ erratum JHEP 04 (2017) 142]
BY — ¢ uTu~and BY — £,(1525) uTu~ (Run 1+2) [PRL 127 (2021) 151801]
A} = A(1520) ptp~ (Run 1) [arXiv:2302.08262]

B — KMyt~ (Run 1) [JHEP 05 (2014) 082]
A) = A° utu~™ (Run 1) [JHEP 06 (2015) 115]

BY = ¢ uTu~ (Run 1) [JHEP 09 (2015) 179]
BY — ¢ uTu~ (Run1+2) [JHEP 11 (2021) 043]

B - K% u~ (Run 1+ 2016) [PRL 125 (2020) 011802]
Bt - Kyt~ (Run 1+2) [PRL 126 (2021) 161802]

» Searches:

BY = ¢ uTu™ (Run 1+2) [JHEP 05 (2022) 067]
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https://arxiv.org/abs/1403.8044
https://arxiv.org/abs/1602.01399
https://arxiv.org/abs/1606.04731
https://arxiv.org/abs/1606.04731
https://arxiv.org/abs/1606.04731
https://arxiv.org/abs/2105.14007
https://arxiv.org/abs/2302.08262
https://arxiv.org/abs/1403.8045
https://arxiv.org/abs/1602.01399
https://arxiv.org/abs/1506.08777
https://arxiv.org/abs/1506.08777
https://arxiv.org/abs/2003.04831
https://arxiv.org/abs/2012.13241
https://arxiv.org/abs/2201.10167

The g? distribution

tree-level b — ccCs

Prog.Part.Nucl.Phys.02 (2017) 50 /
| | | 1 I 1 | 1 1 | 1 1 I | | 1 1

24 Broad charmonium
¥(25) resonances (above the

N open charm threshold)
Photon pole ”
&~ enhancement (from CY)

dI'/dg?

Sensitivity to
> > > Cg and 010

< >
CKM suppressed /

¥’ light-quark resonances /
Sensitive to C7—Cy phases;h

' ression
interference SUppressio
< >

0 S 10 15 20
<« increasing hadronic recoil qz [Gev 2] = m(u /4)2

increasing dimuon Mass =»

Rare dominated regions
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https://arxiv.org/abs/1606.00916

The LHCDb detector

/7\“‘&\\ > Forward detector:
T
/f/ 27% of b hadrons from pp collisions within
S acceptance
FA
/
/ >
// T S Precise reconstructions of b and ¢ hadronic decays

v

Tracking:
~96% efficiency, A /p = 0.5 - 1%

Efficient identification [e, ,, & 97 %,
B iy 5 . ~ 1 —
[1] | l Gﬂ_)/’t ~ 1 3 % ]
[ ; > Trigger:
Fiaure: LHCb detector durina Run 1 & ~90% efficiency on di-,u channel
> e
= ) .
-~ WS !
. . . 8 a) [ ~o-~ .
- Dedicated u tracking stations w0 LHCb simulation ;
" _ o _O] 0.4 * —+— Electrons B
- Low e~ Bremsstrahlung reconstruction efficiency 02f —+— Muons .
+ + : . o e e e T Ty U
- T > UYL, low resolution from missing iz g (| e e
2 0.6
04 : ‘ : ‘ . ' : . : .
> .. most b — sl results at LHCb currently [ = u 0 5000 10000

JINST 14 (2019) P11023  PrMeV/el
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https://arxiv.org/abs/1909.02957

b— s(d) u -

Angular observables

Kinematics of B — VIl decays described entirely by ¢ and
helicity angles, €2 = (cos 8,, cos 0,, ¢)

Complex angular structures gives access to different
operators in H,

Self-tagging decays access CP averaged observables

1 d(l +T)
d(T' +T')/dq? dq?d cos 6,d cos 0,d¢

Self-conjugated decays access CP averaged (5,) and CP
asymmetry (A;) observables, sensitive to NP in WCs C g ¢

Observables with reduced form-factors observed, eg:

| s

V(1= Fp)

P best known discrepancy

(b) ¢ definition for the B® decay

(1 — Fyp) 20 F V)
, 327T|: L SlIl h)+ L(COS h)

4 Fy)(sin* 6;)(cos 26;)

(11— F)(

— Fp(cos? 6)(cos 26;)
+ As(sin® 8,) (sin” 6;) (cos 2¢)
+ S4(sin 26, ) (sin 26;)(cos ¢)
+ As(sin 263 )(sin 6;)(cos ¢)
+ Ag(sin® 6,)

S7(sin 26y)
+ Ag(sin 26y,

)
+Ag(sin? 6},) (sin* 6;)(sin 2¢)]

cos 6,

(sin ;) (sin ¢)
(sin 26;)(sin ¢)

@ LHCDb Lepton Photon
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Dataset : B - K%utu~ [PRL 125 (2020) 011802]

v

5D simultaneous fit to ?i m(Knup), m(Kr)

v

m(Kr) fit used to constraint S-wave interference

P/5 tension reduced to 2.80 and 3.00 wrt. Run 1 (3 fb_l) analysis [JHEP 02 (2016) 104]

Reduced tension in q2 bins [4.0,6.0] and [6.0,8.0]GeV2/c4

ARe(Cy) = — 0.9919-2> preferred over SM at 3.30
9 —0.21

v

v

v

I e
LHCb Run 1 +2016 : 35 1 T M
. SM from DHMV . Run 2’42016

- 3
Rs 20 4
- <]
- (o |
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\({‘: I - 10
= —+— : 5
1 1 0
15 —é.() —i.5 —i.O —(').5 OTO 0?5 lj() 1f5 '2?0
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https://arxiv.org/abs/2003.04831
https://arxiv.org/abs/1512.04442

