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b-quarks at the LHC

proton - (anti)proton cross sections
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@ Rare decays of heavy mesons are FCNC (forbidden at
tree level and thus highly suppressed)

@ New particles may appear in loops of rare FCNC

decays, affecting branching ratios and angular

distributions;

@ These particles wouldn’t need to be produced on mass

shell in such diagrams = access to very large masses.
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FCNC effective hamiltonian described as operator product expansion, C; being the Wilson

coefficients, that encode the short-distance physics, and O; the corresponding operators.

= | * Looking for deviation
4Gr Gluon penguin I  from SM prediction

Heff i (— — th V:; Z[C,(/.L)O;(I.L) -+ C,,([.L)O,,(/J.) ] i Photon penguin

ﬁ i W W Electroweak penguin

left-handed part  right-handed part Higgs (scalar) penguin  § { C; = CfM + C’.NP

suppressed in SM Pseudoscalar penguin ‘ C, C,NP



Semi-leptonic b quark decays

b — clv b — st
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Charged current: Neutral current:
* Tree-level * Loop-suppressed:
o A order % « Border 1077 = 10~°

* Neutrino in final state (invisible) < Full reconstructed final state
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Semi-leptonic b quark decays

b — clv b — st
b > —>— b o \ > e
o LQ",

\)\ C \)\ 8
Vy /T
@ NP particles having mass > TeV can modify the measured decay rate

@ Leptoquark (LQ), Z' model



B anomalies
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\\Charged current ~ 3;/

\ Neutral current ~ 4 — SGJ




B anomalies

N.Sahoo | Rare B decays| SM@LHC"25

\\Charged current ~ 39 \ Neutral current ~ 4 — 50 j

Focus of this talk



g* spectrum in b — s/l transition
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g~ spectrum in b — s/l transition

i

{

- o e = el

bostte- | b— st

“penguin” f “penguin”

N.Sahoo | Rare B decays| SM@LHC"25

\ | E. Smith

(b — s£¢)




g~ spectrum in b — s/l transition

) Iy . Veto these regions

b — scc[ » 1]

b stte- | b — st

“penguin” | “penguin”

E. Smith
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1 tree level b — cés]
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~ Branching fractions Angular observables LFU ratios

,% Simpler for LHC (focus on u), Minimal FF uncertainties, Theory uncertainties ~ 1%,
; but large theory uncertainties though sensitive to charm loops but electrons harder at the LHC
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Total weight

Overall diameter :15.0m
Overall length  :28.7m
Magnetic field  :3.8T

CRYSTAL

ELECTROMAGNETIC
CALORIMETER (ECAL)

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels

Experiments

JINST 3 (2008) S08004

pp collisions at 7, 8, 13 TeV

JINST 3 (2008) S08005

STEEL RETURN YOKE

: 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Pixel (100x150 pm*) ~1.9 m* ~124M channels
Microstrips (80-180 gm) ~200 m® ~9.6M channels

SUPERCONDUCTING SOLENOID
Nioblum titanium coll carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: $40 Cathode Strip, $76 Resistive Plate Chambers

16 m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

A
77 /

RICHI

LHCDb

ECcAL HCAL
SPD/PS M3
RICH2 My
3

Magnet

»

* Accelerator: LHC

* General purpose detector

e Period: 2011 till now

e Collected 165 fb-! data (Run 1 + 2)
* All species of B hadrons

e Plan: 3000 fb-! (by end of HL-LHC)
* Very busy environment

* Low trigger efficiency

e Better with muons
« No charged hadron PID

e Accelerator: LHC

» Forward-looking spectrometer

e Period: 2011 till now

e Collected 9 fb-1 data (Run 1 + 2)

* All species of B hadrons

e Plan: 300 fb! (by end of HL-LHC)
*Less busier environment than CMS
* Low trigger efficiency

* Better with tracks

* Excellent charged hadron PID

12




dB(BY — ¢u*u)ldg? (GeV2c*)

Branching Fractions
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PRL 131(2023) 151801

Similar pattern observed, decay rate too low!!
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Fully leptonic decay BY — pu*p~

PRAVEIAATALAYL SRR IS S0 " MGV SO AN A S5 Z ML PN A _ 1
§ CMS +0.44
BPH-21-006 =T + 3.837,
@ Golden channel for searching New Physics § LHCD — 3.09 *048
{  PRL 128 (2022) 041801 -0.44
i +0.37
. . .o ‘ BAPT-lLZOA(%; CMSHICD: 2.69 "5 3
* FCNC, highly suppressed in SM (helicity ATLAS s
o suppresse d) JHEP 04 (2019) 098 : " ' 2.8 77
Q! _ +0.72
) g{I\EIIPSO“ (2020) 188 : . 2.947) ¢
am . . . LHCDb _ +0.7
S * Hadronic contributions are clear and well S 16 1D 191801 - o 3.0%5
> known from Lattice QCD ‘ Eeﬂkfgfg"j’,};‘g?o o022 o 366-04
- . . o 1 2 3 4 5
> @ BF results are consistent with SM predictions B(B® - utw) [107]
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[Phys. Lett. B 842 (2023)] [Phys. Rev. Lett. 128, (2022)] 14
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Well behaved BY — ptyu~

@ Effective lifetime: in the SM, only the heavy mass eigenstate of the BS0 can decay to
the up~ final state

@ SM prediction [PDG, PTEP 2022 (2022) 083C01]

@ Overall, results well compatible with the SM predictions — stability of Cj,
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[Phys. Lett. B 842 (2023)] [Phys. Rev. Lett. 128, (2022)] 15
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angular coefficients - function of amplitudes

d4F(BO — K*ON+U_)
d2dq?

= L") fi(Q)

7

Angular coefficients

S Angular Analysis B — V(= hth )utu~

Vector (spin 1)

» 3 polarisation amplitudes

Measure decay rate across
three angles () and g

» perform in the bins of g°
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Example: B - K% - KT )u*u~

1.00 1 ! SM from ASZB
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LHCb Run 1 + 2016
CMS Run 1
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angular observables

( (1 — Fp) sin? 6 — Fy cos? 0k ) cos 26,

+ %Pl(l — FL)sm Ok sin? ) cos 2¢
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BY - K u*u~ from CMS

PLB 864 (2025) 139406
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Angular analysis of A} — pK ™t~ sk

JHEP 12 (2024) 147
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. . % 3.5 F ¥ 1.5900 < m,x < 1.7500 GeV/c? ]
@ Measurement of branching fraction and angular 2 e 0 17500 < m.xc < 2.2000 GeV/e2 ]
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Amplitude analysis in B® — K0+~

JHEP 09 (2024) 026

@ Fit spectrum continuously to disentangle long (non-local) and short distance

contributions

@ Explicitly model non-local effects as a shift in Cgefm =Cy+ 7Y, (g%

i = {p(770),w(782), 6(1020), J/4b, (25), (3770), 1(4040), 1)(4160) }
j= {DD,D*D,D*D*}

@ Y, , includes one-particle states ; and two-particles states j

@ Direct access to Cy, for the first time due to tau-scattering contribution
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Angular Analysis B — K Yete

@ Angular observables extracted from 4D fit in central g2 bin

LHCD

arXiv.2502.10291

@ General good agreement with SM predictions » most precise measurement till date
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LHCD

Result summary o

arXiv.2502.10291

[N. Gubernari, M. Reboud, D. Van Dyk, J. Virto, JHEP 09 (2022) 133

§ [M. Alguerd, A. Biswas, B.Capdevila, S. Descotes-Genon, J. Matias, EPJC 83 (2023) 7, 648
- F, 0582+0.045+0050 g LO p— E———
- 83 —0.000+0.042+0023 G M m GR\DV
oS¢ —0119+0.073£0042 3 5. ° £ Daa
5 S  —0.077+0054+0033 §
S App —0.14640.052+0035 & I
5 S —0.077£0.056 & 0.038 'c8> 0.0 — - W
Sy 0.129+0.072 £ 0.056
< S 0.066 & 0.045 4 0.020 _05 -
Z

-1.0

FL S3 Si Ss Am S7 Ss So
» Results in agreement with SM
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LHCD

[LFU test —

arXiv.2502.10291

@ Use the set of observables which are less sensitive to Form Factors P = -1
@ Compare with the results from the muon fit (as in PRL 132 (2024) 131801) P, = g (IAF; 7
A,
& @ Construct LFU observables O; = P/ — Pf P; = 0 ,
2 |1~ EE)
S » Good agreement with SM predictions —_— 54,578
> 568 VR - F)
— » No strong sign of LFU violation observed
>
O
o v —TT —TT —TT ')
T i ' ' ' 3 2 o4 LHCb W ABCDMN
S 1= l [0 ABCDMN *LHCb9fb"4 € ™ 9fb! [4.7fb7'] ¥ Data
_ i “Belle:—7 9 T
) - | ' - < 02F [}
g 05F 1 I
z : 1 2 oo} T
Z O i ! : 8 . ! . L
: 2 1 1 -02f
-05 = S pu !
: 1 1l 1 -04f I
= | i T T T — - - - ~ ~
0 5 10 15 Or, O1 Q4 Qs O Qs 0O O
g% [GeV?*c*
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LHCD

> Photon polarisation constraints from BY — ¢ete ™ ik

@ Very low g, angular observable sensitive to C;, C;

@ First observation of BY — geTe™

B.—¢(—K*K- )yee control channel B.—¢(—K*K-)ee signal
T T ) ) ) | ) . ) . | 4 . ! . |

—— Data

...... B(S)—:o ¢ ete
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By~ ¢1 (= e*ey

B B{— ¢y (— e'e)

| ! ' |
180 —+— Data

160 B

140
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100
80
60
40
20

N
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B)— ¢n°(— yy)

)
)
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B{— ¢n (= vy)

Candidates / (42.5 MeV/c?)
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Illlllllllllllllllllllllllllll
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m(K*'K e*e) [MeV/c?] m(K*K e*e”) [MeV/c?]
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LHCD
\ | L)

4D fit —
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(qv) 172} ~— -
a4 o ~ u
. = v 20F
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o "
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N P "
7 o 10E

5k
: 1 L 1
OO 1 2 3
cost, @

Ay = —0.045 4+ 0.235+0.014 Sensitive to photon polarisation
AE™CP —0.002 £ 0.247 4+ 0.016

AReP = 0.116 £ 0.155 £ 0.006
Fi,= (04+56+1.2)%, Longitudinal polarisation

» Results 1n agreement with SM Forward-backward asymmetry
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LHCD

Photon polarisation summary ~ ®

[JHEP 2025 (2025) 47]

» Results in agreement with SM

1.0

Constraints at 2o
B(B — X.v)

"""" B” - K*%¢*e™ (LHCb)
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LHCD

Angular analysis of B — ¢pete~ B

[LHCb-PAPER-2025-006, in preparation]

@

@ Angular analysis of same decay mode in the low, central and high g* regions

@ Results compatible with SM predictions and previous measurements on B;) — putu~
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b 5 10 15 b 5 10 15

g* [GeV?/ ¢4 g* [GeV?/c4]
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LFU ratio: Experimental Strategy ™=

S. Celani
ECAL

B B —> X T ot in scale Tracking e

R(X) — ( ,LL /’l’ ) ot ! ~
B(B — Xete™)

» Precisely predicted to be ~1 in SM e

@ R, are measured as double ratios

\/V'B_)X#-}-#—

JVB—)XJ/L,//(—)€+€_) eB—)XJ/u/(—>y+,Lt_) €B—Xete-

N B—->Xete~

€B—>Xy+,u‘ €BXxJ/ y(—ete~

JVB—)XJ/EJ{/’(—)/[*‘/,F)

* Yields: obtained from mass fit

N.Sahoo | Rare B decays| SM@LHC"25
=
N
|

- Efficiencies: obtained from corrected MC using data-driven techniques

Jhy

b — sce[ = £1¢7] w(2S)

@ Validate LFU using resonant channels

b— sly* - ¢

- Single ratio: 7, = 1, double ratio: R ,¢) = 1
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LFU ratio with BY — ¢l*1 (Ry) ™

PRL 134 (2025) 121803

@ First LFU ratio in B decays, using 9 fb! data
@ Blind analysis, measurement performed in three g* regions
+ Lowq?:0.1 < g% < 1.1 GeV2/c

« Central g*: 1.1 < g*> < 6.0 GeV2/ ¢

s High ¢%:15.0 < g < 19.0 GeV?/ct @ %

@ Validation: r, = 0.997 +0.013, R, 55, = 1.010 £ 0.026

@ Results in agreement with the SM predictions
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q* (GeV?/ch) Ry dB(B? - ¢ete™)/dg* (1077 GeV~2c*)
0.1<¢g*<11 1.571028 +0.05 1.38 703> +0.04 £0.19 +0.06

1.1 <¢* <60 0.917979 +0.05 0.26 4 0.06 £ 0.01 & 0.01 £ 0.01
15.0 < ¢? < 19.0 0.85257 £0.10 0.39 % 0.11 = 0.04 = 0.02 £ 0.02

@® B(B, > ¢ere™) agrees with SM and the measured B(B, —» ¢u*u~)
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Statistical significance: 5.46
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PRL 134 (2025) 121803

Candidates / (10 MeV /c?)
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< Another LFU ratio butusing Bt — K*atn~ 111~ (R

72'71')

@ Measurement performed in central g*: 1.1 < g* < 7.0 GeV2/

@ First observation of BY — K™z 7z~ e"e™ mode (significance > 100)

@ Validation:

@ Results compatible with the SM predictions

200 — + Data LHCD 9 fb—l ~ 200 — LHCDH 9 fb_l —
Total Fit ]
————— BTK™ntn ete™
T e - + Data HHU
150 h—e Misidentification ee . 150 Total Fit —

| I Bt K rnta~ J/p(—eTe™)
:I» I Partially reconstructed
il Combinatorial —

— = BT=K ntn utp-
Combinatorial

N.Sahoo | Rare B decays| SM@LHC"25

Candidates / (10.0 MeV /c?)
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ek
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Candidates / (4.5 MeV /c?)
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1 1 1 1 I 1
+
/
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~ ==
1 ‘-4——-5_ A '

R N 141

0 b P A [ =y O;*""'*""' . H
5000 5200 5400 5600 5200 5300 5400 5500 5600

m(K n n " eTe™) [MeV/c?] m(K n n put ™) [MeV/c?
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@ Measurement performed in high g° : g > 14.3 GeV2/c*

@ Most precise LFU test above the y(2S) mass
@ Validation:

@® Results compatible with the SM predictions

» Another LFU ratio but with B¥ — K*I*[~ at high ¢* (R;%8")

@

N.Sahoo | Rare B decays| SM@LHC"25

I | I

LHCb

<4 Data9 fb! /’t//l

Total fit

........ B — K+,ll+‘Ll.—

B B oK QS (- ptp)
Combinatorial

]}O~ | T T T T T T T T T T T T T T T T d
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= - \
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4 41 $

S — _,
Nb 80- —_ NQ)
= Foee LHCb RS
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E ' — Total fit 2
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0! : 105200
4500 5000 5500 6000 6500

LHCD
\ | L)

T 44FY |
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LEFU status summary

1.4 - -

1.2 - - _

1.0 7
Ry [PRD 108 (2023) 032002] 1
Ry« [PRD 108 (2023) 032002] .

0.8 |- |

A )
J

Ry high ¢? LHCb-PAPER-2024-056

N.Sahoo | Rare B decays| SM@LHC"25

Rypn [arXiv2412.11645] .

Ry [PRL134 (2025) 121803) i
Ryg++ [PRL 128 (2022) 191802]

0.6 -

i Ry, (PrL128 2022) 191802 -

alaly sl Sl ol o

() 4 | Sara Celani - LHCb summary RpK [JHEP 05 (2020) 040] N

0 5 10 15 20 25
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Observable Current LHCb Upgrade I Upgrade II
(up to 9/~ 1)  (23/7Y)  (50fb71)  (300fb~1)
CKM tests
v (B — DK, etc.) 4° (9,10 1.5° 1° 0.35°
bs (B — Jhvo) 32mrad (8] 14 mrad 10 mrad 4mrad
Vsl /|Ves| (A) — pp= v, ete.) 6% [29,30] 3% 2% 1%
ad (B® - D-utv,) 36x107%[34 8x10* 5x107* 2x107*
ad (B — Dy ptv,) 33x1074[35] 10x10™* 7x107* 3x1074
Charm
AAcp (D° - K+*K—,ntn~) 29x1075 [5]  13x1075 8x107® 3.3x107°
Ar (D° - KK~ 7t7™) 11 x 107° [38] 5x10° 32x107° 1.2x107°
Az (D° — Kontn™) 18x107°[37] 6.3x107° 41x107° 1.6x107°
Rare Decays
B(B° - ptu™)/B(BY — utu~) 69% [40,41] 41% 27% 11%
Suu (B = putu) — — — 0.2
AD) (BO - K*0eter) 0.10 [52] 0.060 0.043 0.016
Al (B® — K*O¢te™) 0.10 [52] 0.060 0.043 0.016
AL (BY — ¢) o [51) 0.124 0.083 0.033
Sy (BY — ¢y) 0.32  [51] 0.093 0.062 0.025
ay (A) = Avy) 3 [53] 0.148 0.097 0.038
Lepton Universality Tests
Ry (BT - K+ete) 0.044 [12] 0.025 0.017 0.007
Ry~ (B® = K*0¢+¢-) 0.12 [61] 0.034 0.022 0.009
R(D*) (B° - D*~ttw) 0.026 [62,64]  0.007 0.005 0.002

/C7)

!/

Ld

i

Im(C

Future prospects (LHCDb

0.6

0.4

024

0.0

-0.2 4,

—0.4

—0.6

—0.6

Constraints at 2o
B(B — X.v)
----- BY 5 K*0¢te— 23 fh1

' Eas B° - K*%¢te= 300 fh!
N ---- B_? — ¢y 23 b1

B — ¢y 300 fb—!
----- .1b — .1“] 23 ﬂ)_l

| — A, — Ay 300 !
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Conclusions & Outlook

@ Rare B decays provide stringent tests of NP beyond SM

@ Latest results with better precision can neither confirm nor deny them
@® Updates with more data and new modes under development

@® Most of the measurements are still statistically limited

* LHC Run 3 and beyond will tell us more!

Stay Tuned !
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—2AlogL

Other angular analysis measurements

By = ¢utu”

ARe (Cg)

JHEP 11 (2021) 043

_13+07

BY = ¢ptp~ (Fi, S3a7) 8.40071 /
]

N 20

BT - K*"utu~

ARe(Cg) ==1.9

Phys. Rev. Lett. 126, 161802

LHCb 9 th~!
— BT K" u"pu~

flavio v2.0.0

N 30

BO N K*O,LL—I_,U:_

ARe(Cqy) = —0.991057

Phys. Rev. Lett. 125, 011802

Same pattern, negative definitions in effective modelling
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Candidates / (0.1 GeV?3c™)

Bonus: worlds first direct measurement of Cy_

106 * L] L] | 1 I L] L L] Ll I L] L] L] 1 l 1 L] 1 1 I 1 L] ] 1 I 1] T T T I T T T T I J
,| LHCb8.4fb~!
107 |- .
o Data :
ki Total ; .
250 § .
B —— Signal § : ]
Background 4 3 &
200 _- """ Local amplitudes e
_____ 1 particle nonlocal
150 amplitudes
_____ 2 particle nonlocal
- amplitudes
100 Y f e Interference

[«

= ]
QAL S a [ S Q
“ P, e et v v BTV o p e e el vy R L | Bl | 1 1

el

0.0 25 5.0 g5 1006 125 150

*

1752

Convert to 90% CL on
BB > K% )~ [1.7-22]%x1077

Best direct measurement of Z(B° - K% *77) =
31 X 10_3 90% CL Belle, Phys. Rev. D108 (2023) L011102

SM prediction G(10~7), NP models O(10™%)

LHCb-PAPER-2024-011

Muon analysis is
sensitive to Cy . via

B - K[ttt - y* - ptu”)

X Cg’,[

r )
Worlds first direct
measurement of C ,

Cy,=(—1.0+2.6 £ 1.0) x 10?

- J
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B I Ll || | | I l?
[ —— B’ - K*¢te” a4
[ B0 gy, LHCDOD ¥

llllllll

lllllllllllllllllllll

ANLL

15

1.0

LHCb 9 fb~!

compatible with O

0.0 0.5 1.0
ACy = C —c$®
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Photon polarisation constraints from B) — ¢ete™

1

d(T' + I')/dq? dcos 0, dcos O A 327

3(Tr+T
d(C+T) 2 {%(1—FL)sin29K+FLc0529K

1
+ [— (1-F) sin? 0x — F, cos® 91{] cos 20,

4
1 i
+3 (1—Fy) Ar(;) sin g, sin? 0, cos 2%
+ (1= FL) Ay 50k cos by,
1 mCP
+5 (1= F) Ay "0, sin® 6, sin 2@} :

-’Re[C’7]Re[C;] + Im[C7]Im[Cy) + L[(Re[Cr])? — (Zm[C7])2]]

(Re[C7])? + (Zm|Cr])?

—Re[C’7]Im[C;] — Im|Cq|Re[Cy] — yRe[C7]Im[C7]]

2
Jm Ar'(¢) =
2
i, 4577 () =
_ AT

(Re[Cr])? + (Zm[C7])? ’

Source of systematic

)

AT, /T,

Corrections to simulation

Acceptance function modelling
Simulation sample size for acceptance

Background contamination
Angles resolution

Total systematic uncertainty

Statistical uncertainty
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LHCb

AL A LR B
Ly =97
low-g>
central-¢?
high-¢*

1.5

1.0

0.5

|l I Ll 1 I Ll

I
0.1 < ¢* < 1.1GeV?/c!

|
1.1 < ¢* < 6.0GeV?/ct

I
15 < ¢ < 19GeV?/c!t

LHCb -

SM (flavio) ]

N ¢ |

= . -

I | | | ]
low-¢° central-g° high-¢°
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Angular analysis of BY — K Ye*e

1 d*T+T)

9

d(I' +T)/dg? dq? d0 327

[%(1 — F)sin? 0 + Fy, cos® O

+ %(1 — F1,) sin® O cos 26,

— F}, cos?® O cos 20, + Ss sin® Ok sin? 6 cos 2¢

+ Sy sin 20k sin 20, cos ¢ + Sy sin 20k sin 6 cos ¢
+ %AFB sin? Ok cos 0y + Sy sin 20 sin 6 sin ¢

+ Sg sin 20 sin 20, sin ¢ + So sin? O sin? O, sin 2¢]

N.Sahoo | Rare B decays| SM@LHC"25

Source FL P1 P,; R‘—: P2 Pé Pé 1)3

Comb and DSL backgrounds 0.69 0.87 0.49 0.61 0.95 0.24 0.81 0.71
Part. reco. background 0.21 0.17 0.14 0.22 0.20 0.06 0.07 0.16
Misid. had. background 0.38 0.57 0.18 0.26 0.34 041 0.17 0.36
Effective acceptance 0.39 049 0.52 0.51 0.55 0.62 0.50 0.40
Signal mass modelling 0.26 0.16 0.14 0.18 0.31 0.06 0.06 0.15
J /v backgrounds 0.18 0.13 0.06 0.11 0.29 0.04 0.04 0.12
S-wave component 0.35 0.10 0.18 0.11 0.29 0.21 0.01 0.20
B* veto 0.50 041 0.28 0.37 0.52 0.22 0.21 0.37
Fit bias 0.01 0.00 0.04 0.03 0.08 0.02 0.02 0.02
Total 1.14 125 084 097 138 084 0.99 1.02
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Charged current anomalies

* n .
) @(B("') — D ’+)Tl/,r) Isospin Hadronic
R(DCM) = R(DY ; T — vnX
% (D) = R(D™) i e
@(B("') — D "")fl/f) - o Semi-leptonic (SL)
£ € u,e, (LHCb only ) R(D")=RMD ™) T — Vrf”f
LHCb 2024, SL,
RO R R
?0-4'\m' B 7 %L bonows " -
) 2
Q{. - Moriond 2024 i
0.35 B LHCb® =
Belle 2017 had, B 5
R(D™ Nk -
L) 0.3F —
= - LHCDb
LHCb 2017, had;,— > 2023, SL
R(D™) 0.25 = = R(D°),R(D*™)
= g D®W-D%
0.2 S 4 HFLAV SM Prediction R(D) = 0.342 +0.026,,, —
= R(D) = 0.298 +0.004 R _‘(‘)) ;90-287 +0.012,,, -
E | R(D*) = 0.254 io.oosI ' i ) — 35% 5
0.2 0.3 0.4 0.5
R(D) 16
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Measured values of Cy ?

LHCb-PAPER-2023-032

Z-expa WSLOW

g*> > 0 only
W g% < 0 constr.

1.9 o

LHCb 4.7 fb!

M

2 3 4 5
Re(Cy)
NP __ +0.53
q*> > 0 only
best it ge0 ¢ 1. 95% C.I.  SM value Geviation
value from SM
Co 3.34 [ 2.77, 3.87] [ 2.30, 4.33] 4.27 190
Cio —3.69 [-4.00,—-3.40] [-4.33,—3.12] —4.17 150
Cq 048 [-0.07, 0.97] [-0.62, 1.45] 0 090
Clo 0.38 [ 0.13, 0.66] [-0.14, 0.92] 0 150

LHCb-PAPER-2024-011

AmpLitualc model

L L L LA B
/LHCb8.4fb~" {

I T 20
SM =427 -
10'_:
l 1 L L I 1
5 6

ACY" =—-0.71%0.33

Wilson Coefficient results

Co
C}O
Cq

3.56 = 0.28 £ 0.18
—4.02 £+ 0.18 £ 0.16

0.28 +0.41 £ 0.12
—0.09 £ 0.21 £ 0.06
(—1.04+2.6 +£1.0) x 10?
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Ry i+
}—l
o

Precisely predicted to be ~1 in SM

1.4}

1.2:

LHCDb Rg  low-¢> =0.99470%;
9 fb—l Ry central-¢> = ()_949ﬂ:8:(())3§

Ry low-¢> = 0.92770%%

Ry central-g = 1.0277097

0.8|

0.6/

1 ——

LHCb-PAPER-2022-045

t Data > =1.6,p=0.812, 0 =02
— SM
Rk low-¢> Ry central-¢> Ry low-¢> Ry central-g?

Candidates / 50 MeV

Pull

40

30

20

10

New CMS result
R(K) = 0.781047

CMS 41.6 b (13 TeV)
— = Total fit
] PF-PF Category . -e-B'—>K'e'e-
- g? €[1.1, 6.0] GeV -...= Combinatorial
—Signal: 18 + 7 B*—JiyK"
- ¢ Data

arXiv:2401.07090

1r|r||||||||

4.8 5 5.2 5.4 5.6
m(K*e*e") [GeV]
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