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e loop-suppressed (FCNC)
e universal guaranteed

e can enter at tree-level

e universal not guaranteed
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Electron-specitic challenges
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Pion calibration sample
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| atest measurements benefit from novel inclusive data-driven
background estimation, stringent particle ID selection.
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Data from angular binned angular analyses
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Data from angular binned angular analyses
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' Unbinned amplitude analysis

— Perform g* unbinned amplitude analysis Won-local hadvonic
» model local vs non-local contributions Watrix elements
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Information Information
from theory from experiment
JHEP 09 (2022) 133 PRD 76 031102(R) (2007)
PRD 88 052002 (2013)
PRD 88 074026 (2013)
PRD 90 112009 (2014)

Measurement
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Analysis performed with and without g? < O theory prior
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Results: form-factors

4 [T T T T T T T T T T ] A N L S —— n o [ L B B R
=~ 0.6 GKvD’18 + LQCD LHCb 476" ] ™ - LHCb4.7 fb! 77 eiss E 14 LHCb4.7 fb~!
. "] Fitresult g*> > 0 only - 0.50 — — * // -
- [ Fitresult g* < 0 prior - - R / / /
0.5 _ //// 7/ L Lk A
- ya Z O 45 7 [ - 1 3 T
b po=
0.4 . | ] 0.40 E—— | | = 1.2
=0.7F | ! RS o | | -
~ ~ 0.6 -
0.6 :_ ’/__ i ~ 1.1 | | | |
: - : 0.5 1 & 17F | | -
. Z _ —
0.5 g == : . T
o ——t—————F—++ 0 1.6
R - R 0.2 [LHCb-PAPER-2023-032 p 7
04 i L LLHCb-PAPER-2023-033 s 7/////
- 0.1 = >
1.4 -
03 k= S S S S B P o LT SR B N N
5 10 5 10 5 10
g% [GeV?/c*] q* [GeV?/c*] q* [GeV?/c*]

Good overall agreement with theory, mild preference for lower F, | /F

14



Results: dB/dg* and Px
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Results: Wilson coefficients
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Results: Wilson coefficients
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Summary of b — s6*¢~LFU & anomalies at LHCb

LFU-sensitive R ratios

e compatible with SM within 5%

e ¢ ¢~ challenging but well understood
e experimental bottleneck: statistics

BFs and angular obs.

e systematic deviations from SM
e not just non-local contributions

e theory feedback crucial for progress
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Summary of b — s6*¢~LFU & anomalies at LHCb

We've come a long way,

and there's still plenty to do.
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Theory information
Value of charm-loop at g% < 0
p reliable for g <« 4m?

JHEP 09 (2022) 133
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Experimental measurements

/ Branching ratio, polarization fraction and
/ phase difference from B® — y K™

PRD 76 031102(R) (2007)
PRD 88 052002 (2013)
PRD 88 074026 (2013)
PRD 90 112009 (2014)

A series of external constraints are further imposed on the signal model in order to

ensure the stability of the amplitude fit in a similar fashion to Refs. [36,37|: the values of q 2
the CKM elements that enter in A are constrained to the values obtained from the SM fit
of the Unitarity triangle [58]; the local FFs for the B® — K*? transition are parametrised
by fitting the combined information from Refs. [23,36| and [30|; and the form factors
for the S-wave amplitudes are constrained from Ref. 28] but have their uncertainties
inflated by a factor of three to account for differences between B" —+ K*7~ and B® — K°
transitions. The magnitudes and phases of the resonant amplitudes for the B — ¢, K*°
decays are instrumental to constrain non-local FFs at the J/v and 1(2S) resonance poles.
These are taken from measurements by both LHCb and B-factory experiments [57,59-62].
Finally, the SM predictions for the real and imaginary parts of the ratio H,/F, in the

negative ¢? region are taken from Ref.

34

36

and are used as constraints in the fit.
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Photon penguin

Vector penguin
Axial vector penguin
Scalar

Pseudoscalar
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d'T[B® - K*utp~]

IACRYA)
dg2 d§) ~ 32r Z DA

9

327r [Ilssm Op + I,.cos® Oy +

I sin® Oy cos 20, + I, cos® Oy cos 20, +
15 sin? Oy sin® 0, cos 2¢ + I, sin 20 sin 20, cos ¢ +
I sin 20 sin 0y cos ¢ + Igsin® Oy cos Oy +

I7 sin 20 sin 0 sin ¢ + Ig sin 20 sin 260, sin ¢ +

I4 sin® Oy sin® 6, sin 2¢ ] :

Ignoring scalar and tensor operators, the P-wave angular coefficients entering in Eq. 1 are

AL+ JAF? + (L — R)) +4qﬂ7ze(A AP+ ARAR),

[|A5|2 AR+ 2L (LA + 2 Re(AEAT ),

2+5l

B ML + 1AL + (L B)),
—ﬂl [ AB2+ [AFP)

BT AL = LA + (L~ B)], (15)
~1x \ﬁ}Re[A AL +
V2B, Re [AgAﬁ* (L R)],

—1 %28 Re [AﬁAﬁ* (L R)],

(L= R)|,

~1 x V28, Im [AgAﬁ* (L= R)],
2
%Im ALAY 4 (L R)],

1% B2Im [AﬁAﬁ* (L R)],

where the sign —1 in front of I, 6,79 is due to the adoption of the LHCb angular notation
as opposite to the theory convention [75] and 8; = /1 — 4m?2/q2, with m; the mass of the

327

d°T 32r  d°T

9 dg2dk2dS

9 dq2 dk? dﬁ P—wave
S+ 1 cos 291)

C

(4,

( 1c + IQC cos 291) cos Ok

( sin 20, + I sin 0,) sin @ cos @
(I

+ + + +

sin 0 + I sin 20,) sin 0 g sin ¢

lepton. Similarly, the introduction of the S-wave contribution gives origin to the following
additional set of angular coefficients

st o] St smasi]
2Bl Akl? + 1A,
%Re[/l WAL + AR AT 4;"“ (ABAT + AFAL + AsiAr) |,

——Bl Re| Ak Al" + AG AR, (16)

1x \[5 Re ALOA (L—>R)],

\[@me Ab AL — (L R)],

-1 x \/;ﬁlm [AQOAL

2 x
\/;B? Im|AfAL + (L - R)),

~(L—R)|,

where the first two are pure S-wave contributions while the ones denoted I, raise from
interference terms. As above, the —1 in front of I, 7 results from the transformation from
the theory to the LHCb angular convention.
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Muons at LHCb have well-defined, very clean peaks.
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Electrons at LHCb have diminished resolution, non-negligible
background, challenging trigger, reconstruction, particle ID.
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T-stations
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Calorimeters
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Muon stations




