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LHCDb detector in Runs 1-2

By design: study CP-violating processes and rare b-hadron decays

® can profit from the large bb and
cC cross-sections and from the
larger production at high

N pseudorapidity
RICH2 M) :

® o(pp — bbX) =144 + 1+ 21 ub
at 13 TeV in the LHCb acceptance
=~ 25% of the total inside LHCb
[Phys.Rev.Lett. 118, 052002]

® o(pp — ccX)~25 mb=1MHz
cC pairs in the LHCb acceptance
[JHEP 05 (2017) 074]




LHCDb detector in Runs 1-2

By design: study CP-violating processes and rare b-hadron decays

¢ Particle detection in the forward region (down to the beam-pipe)

e Excellent resolution for localization of decay vertices (Vertex Locator)

— Excellent time resolution, enough to resolve Bs — B oscillation mthe large boand

ons and from the
e Excellent momentum resolution (o(mg)~25 MeV for 2-body decays) tion at high

¢ Excellent particle identification to distinguish p, K*, 1#, y* y

e Excellent leptonic and hadronic triggers ) =144 +1 421 ub
AR = EEN av 2o 1ev i the LHCb acceptance
] | ks NN =~ 25% of the total inside LHCb

[Phys.Rev.Lett. 118, 052002]

® g(pp — ccX) ~ 25 mb=1MHz
cC pairs in the LHCb acceptance
[JHEP 05 (2017) 074]




A list of recent LHCb b — sy ({£€) results

- Direct search of BY — u*u~y [JHEP 07 (2024) 101]

» Amplitude analysis of A; — pK~y [JHEP 06 (2024) 098]

» Amplitude analysis of B, — K*K~y [JHEP 08 (2024) 093]

* Photon polarization in BS — ¢e*e”, low g? [LHCb-PAPER-2024-030, prelim.]

« Angular analysis of B — K*0¢*e™, central g2 [LHCb-PAPER-2024-022, prelim.]
 Angular analysis of Ag — pK™u™ u~ [arXiv:2409.12629]

- z-Expansion fit with B — K*0u* 1~ [PRD 109 (2024) 052009, PRL 132 (2024) 131801]
« Local & non-local amplitudes in BY — K*Oy““y‘ [JHEP 09 (2024) 026]

 LFU in Bg — L€ [arXiv:2410.13748]

 LFUin B* - K*n*n ¢* ¢~ [LHCb-PAPER-2024-046, prelim.]



FCNC b decays

Radiative decays

.
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NP might manifest in the loops

Leptonic Decays
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Effective Field Theory approach
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Hsm > 7

Her = -5V, Vis Zi(CGM + V)OO,

+ chiral flipped

[ wilson Coefficients: C;

— Perturbative, short distance physics

— Describes heavy SM+NP effects
Operators: O,

— Non-perturbative, long distance physics

— Strong interactions, difficult to calculate

~

O EM
O Vector dilepton
1 Axial-vector dilepton



T.Blake et al. arXiv:1606.00916
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Observables in FCNC b decays

Physics depends on g% = m?; : i B
Photon pole

° Resonances (e.g. J/LIJ, q)) & cnhancement (from Cy)
* Photon pole at low g2

 Vector or axial vector current o gt quak eonaecs /

dr/d
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[JHEP 07 (2024) 101]

First direct search on BY — u*u~y

» Previously Indirect limit from high-g? ISR in BY — u*u~

 Now, reconstruct y, with 5.4 fb' Run 2 data

» Sensitivity to C7 ¢ in addition to C¢o . Theory
Br~107°to 107'° depends on B, — y FF

* Upper limits are set:

B(B?— putp~ )1 < 3.6 (4.2) x|107°,

B(B?— utp~ ) < 6.5(7.7) x|107°,

B(B°— utpy)m < 3.4(4.2) x|1078,

B(Bg% UYL with ¢ veto < 2.9 (3.4) X 1078,
) X

B(B? = 1 1Y) comb. < 2.5(2.8) x[107%,

dB(B)—utuy)ldg? [GeV e

[Phys .Rev.D105(2022)1] Bg — /,'L+/',L_

C —e— Dat
- o E LHCb Ta:l
&, 20 -1 o
O L 6 fb == B'>u‘u
= [ 070 <BDT <1.00 4. By

B — Bloutuy
E ] .5 N | | N s B
wv ol ON. 1Y e B'—>my
= 3 K U
2 10| :;;f"’
—
=
"o +
o
o
=}
<
Q

(9]
TTTTT

=]
T

5000 ) 5500
Bg 5 ,U+,U_7’”" [MeV/c?]

S
5

———r— 77—
—— LHCb direct (5.4 fb™")
—=— LHCb indirect (9 fb")

[ Single pole

+ S
% /,L /,L ’}/Multlpole

SCET
Jy {m LCSR

LQCD + HQET + VMD
w(2S) £= LQCD + HQET

2 — ,LL+,LL_
B

H
o
4

H
o
%

—_
[e)
©
7
7
7
2
2
7
Z
7
Z
%)

3
z

30
q* [GeV?* 4]



Radiative b — sy decays

Amplitude analysis of BY — K*K~y

[JHEP 08 (2024) 093]

First observation of BO — f2(1525)7/ decay
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Amplitude analysis of A} — pK™y
[JHEP 06 (2024) 098]
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[LHCb-PAPER-2024-030, prelim.]
Photon polarization in By — ¢e*e”

» First angular analysis in the low g?: [0.0009, 0.2615] GeV?
° Decay rates described as’ 4D url1bilnlnleld ML.ﬁ.t tq rrjass anld angglgr vlalri'alble.sl |
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[LHCb-PAPER-2024-030, prelim.]
Photon polarization in By — ¢e*e”

» First angular analysis in the low g?: [0.0009, 0.2615] GeV?
» Decay rates described as: Results consistent with SM
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[LHCb-PAPER-2024-022, prelim.]

Angular analysis of B! — K*Vete™

* First angular analysis in the central g%: [1.1, 6.0] GeV?
* Decay rates descrlbed as:

d4F[B(}—} K*‘ﬂ 7 —-]
thcx (O Oqu)
dq 2dco TQK(I( 0 ';()qu‘; 323‘:

SRR 1_.‘_

Fraction of longitudinal
polarization of K™

angular
observables S; CP-averaged
App  Forward-backward
asymmetry of the dielectric
system
I';, App, and 5. are sensitive to Wilson coefficient (C?[E; ;o) @nd form factors

Perform ratio of observables (e¢. g . PS) where form factors cancels
I.S'S

P. =




[LHCb-PAPER-2024-022, prelim.]

Angular analysis of B! — K*Vete™

4D unbinned ML fit to mass and angular variables Angular observables measured in g2¢[1.1, 6.0] GeV?
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[arXiv:2409.12629]

Angular analysis of A} — pK~u*u~
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[PRL 132 (2024) 131801]

Data-driven approaches for BY — K*yu+ u~

* Non-local (charm loop) hadronic contributions bring in large
theoretical uncertainties, and can mimic BSM effects

« Data-driven approaches are needed here!

* Z-expansion [PRL 132 (2024) 131801]
 Dispersion
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Data-driven approaches for BY — K*yu+ u~

1/ Fit to long-distance #,(¢*) as model-independent z-expansion:
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LFU tests In b — sé¢

First observation of BY — de* e~ |
and first LFU test of BO - gbf*f‘ [arXiv:2410.13748]
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Searches for other rare decays

D = rtr—ete

* Bl - ntutu~ [EPJC 84 (2024) 468] peaiiem
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Summary

BSM

Studies on rare b decays are key to searches for

Many first searches, LFU tests, and angular
analyses, esp. with electron channels

Data-driven approaches improve our understanding
of non-local effects in B® — K*¥

So far, no surprises, but tensions still persist (Cg?)

Now a new detector and improved hadron trigger
« 9.6 fb™! already collected for Run3

And we will have Run4 and Upgrade-II!
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Ah“ (BY = K*0¢te~) 0.10  [52] 0.060 0.043 0.016
AM(B“ — ¢) w0 [B] 0.124 0.083 0.033
‘Em(B“ — ¢7) 0.32  [51] 0.093 0.062 0.025
ay (A9 5 Ay) o3 53] 0.148 0.097 0.038
Lepton Universality Tests
Ry (BY > K+eéti~) 0.044 [12] 0.025 0.017 0.007
Rk~ (B = K*0¢te-) 0.12  [61] 0.034 0.022 0.009
R(D*) (B® = D*~¢+) 0.026 [62,64]  0.007 0.005 0.002




Bremsstrahlung emission is significant for electrons

ECAL
: T1-T3 L en®’t-  Before the magnet
magnetic field et B | b L |
— L | » electron can be swept out (=lost !)

* kinematics are “wrong"”
ra II-JI.I.. om i:l';';l.’l;.rl T

After the magnet

* not an issue In both cases E/p is correct
} 1 1 1 [
Energy IDSS o EE: 1.0H = B = J/y(ee) K* ik
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l LFU ratio: Experimental strategy

- R, are measured as double ratios, to mitigate e/u reconstruction differences

B = Xp(285) = £7¢7)

|

» Yields: unbinned > Efficiencies: simulation
maximum-likelihood fits to corrected for well-known u
the B invariant mass MC/data differences L\'\
= Resonant channels also used for checks/data driven studies 2l 7
» Jlyrand y(25) satisfy LFU, not mediated by b — s£¢
BB —= X/y( — )
¥y = ?E((B Xf'l i HH;] =1 Sensitive to e, u differences
5 = AJIYN —> e
BB — X(w(25) = uu)) BB — X(//y — ee)) Efficiency related systematics

1 : .
BB - X(y = up)) BB — X(p(2S) = ee)) cancel in double ratio

- Rwil-‘?i =



Wilson Coeffients global fits
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