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« First observation of CP violation and measurement of polarization in B™ —
p(770)°K*(892)*

 Measurement of the branching fractions and longitudinal polarizations of
Blsy = K*(892)°K*(892)°

- Measurement of CP violation of B - ¢¢ and search for B® - ¢¢

*  Summary
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Introduction on charmless B — V'V decays

* Charmless B decays:

» Tree level: Cabibbo suppressed

» Loop level: similar amplitudes as tree level

» Interference between them gives rise to direct CP violation
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* Vector resonances: additional CP violating observables
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Polarization puzzle

* Three contributing amplitudes in B — VV decays:

» S-, P- or D- wave

» Longitudinal, parallel, and perpendicular

* Discrepancy on the longitudinal polarization fraction between
theoretical predictions and experimental results

fr = [Ao?/(|Ao|* + [ALl* + |4 %)

* QCD eftects or new physics?
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Decay mode fi/percent

Theory Exp
B~ — p=p° 955+ 1.1 95+ 1.6
B ot 92.6 £ 1.6 98.8 +£2.6
B~ > p-o 92.7 £ 1.4 90 + 6
B = K*tp 94.4 +1.2
B’ - 0% 81.7 £10.8 60 + 23
B’ - p% 827495
B > oo 922+ 3.6
BY - K00 79.8 +8.0
B - K*% 779 £9.2
B~ —» o K" 46.0 £12.9 48+ 8
B~ — pOK*- 40.7 £10.6 78 + 12
F RO g 487+ 123 40 + 14
B » ptk*- 389+ 11.3 38 + 13
B~ —» wK*~ 20.9 +6.8 41+ 19
B - or™ 29.4 £17.5 69 + 13
B~ — oK*- 48.0 £ 16.0 5045
B s dE 48.0 £16.0 49.7 £ 1.7
BY Kk 343 £ 12.6
BY > K*K** 309 £ 10.4
§2—> el 39.7+16.0 36.2+ 1.4
B~ — K®K* 583 £ 11.1 75 £ 21
B® - kvx™ 583+ 11.1 80 + 13
B, — pK* 38.9 +14.7 51 417

[Eur.Phys.J.C77(2017)333]
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https://link.springer.com/article/10.1140/epjc/s10052-017-4889-3#citeas
https://link.springer.com/article/10.1140/epjc/s10052-017-4889-3#citeas

Study of B* - p(770)°K*(892)"

Observed and measured by BaBar [Phys.Rev.D83(2011)051101]

Mode Y (%) IIB:;(%) S(o) B (x107°%) UL (x107%) fL Acp

BT 5 p°K*F 53 46+1.0+04 6.0 0.78 +0.12 £ 0.03 0.31 £0.13 +0.03
Kt 5 K2nxt 8+24 171 231 41 46+12+0.5 6.4 0.74 +£0.13 £ 0.03 0.254+0.14 +0.03
K** 5Ktz 67+31 99 333 33 44420405 7.1 0.94 +0.27 £0.03 0.59 +0.31 +0.03

Study of Bt - p(770)°K*(892)* decay with LHCb runl+2 data
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.051101
https://arxiv.org/abs/2508.13563
https://arxiv.org/abs/2508.13563

Amplitude analysis of Bt —» p(770)°K*(892)*

* Amplitude analysis: 5D c-fit * Resonances considered:

BY > (n*n ) (Kdnt) B* = (n*n~n*)K

dsT
d(m,r+,r_)d(ngw+)d(cos 9,r+,r_)d(cos 9K§W+)d¢ p(770)° a,(1260)
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CPV in B* - p(770)°K*(892)*

| _ 2 (AP 1A

* Significance of direct CP violation: >9a s o '70)0 % (89'2)+ |
» First observation of CP violation in this channel ! Sl T Bt G o 8 | .
sz sttt | B .
* (P asymmetry for each component: “: [(FS}I“ |ty -
Acp(Ay) = Aol = 1Aol” — 0.664 % 0.083 + 0.025, o e 1 5 5 | 298 —
|AU|2 + |AU|2 S, i C.Warg tal. | sueens —_—
Acp(Ap) = arg(Ay) — arg(Ay) = 0.720 £ 0.177 £ 0.048 rad, o CWangatal |y .
Acp(4)) = —0.063 £ 0.137 & 0.024, ot by 5 G Gossy e | 957 ——
Acp(Ay) = 0.477 £0.187 + 0.040rad, oy DB collabioration | g, .1y ¢ .
Acp(A1) = 0.284 £0.140 £ 0.022, LHCb collaboration | 5,7 , ¢4 —
Acp(AL) = 0.412 +0.180 + 0.048 rad. W T W T w W W 8

Acp [%]
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TPA and polarization in B* - p(770)°K*(892)*

* Longitudinal polarization fractions:

. Aof? A
> Charge-specific: f = Z|A I(leAP — 0.491 £ 0.083 £ 0.025, f; = % — 0.794 %+ 0.025 = 0.007.
A
2 A 12
> Averaged: fL = (Aol + Aol ) 7o 1 0.028 = 0.009,
2o (A2 + [Ax]?) | ' '
. H.-Y. Cheng et al B+ & p(770)0K* (892)+ ‘
» Most precise measurement of f; o e DT oo 175 7
. . F.Suetal. | __,
> Consistent with Babar results 1 B GBR GhAT b1 3one 1 502% —e—
r Z'TT; Zou et ?:1: | e
o TPA measurements Phys. Rev. D91 (2015) 054033 - |
N - Tk - C: Wal_lg E:f gl. st
e = —0.105 + 0.024 + 0.006, AL = C2V2 Im(ALAGT ALA) Phys. Rev. D96 (2017) 073004 | 414 -
TUE 2 2y’
AP = 0.007 + 0.019 + 0.003, Joke T LoacopnIMF AR e | —
AD — 0157+ 0.024 + 0.008 qo -4 ImlddiF A4 ' i,
fake . . . 3 true — 9 T 12\’ - Ba‘BarEolxlabore\}tlon R .
AP = 0.008 £ 0.018 £ 0.004 jake T3 xeo i3 (NP ANZ) " mwererbss corostio
fake — . : ’ ) i ‘
LHCb COHa?C}).?\t\lgﬂ |miniits ,_3_.
0 20 40 60 80 100

fr [%]
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Study of B¢y, — K*(892)°K*(892)°

* Analysis of By, = K*(892)°K*(892)° decays with LHCb runl+2 data
> Measure individual branching fractions of B® - K*(892)°K*(892)° and B? —» K*(892)°K*(892)°

» Measure longitudinal polarization f; and Ly«og+o

B(B?— K*°K*) f3
B(B°— K*0K*) f{

LK*UI?*D — g [JHEPO4(2021)066]

» Tensionon Ly LSM_ =19571242  L¥P  =44340.92,

K*K* K*K*
* LHCb run 1 results: f£ =0.240 + 0.031 + 0.025
f&=0724 + 0051 + 0.016 [JHEP07(2019)032]

Lywogo = 3.48 + 0.38
* Time-integrated, flavor-untagged amplitude analysis

* Paper in preparation [LHCb-PAPER-2025-046]
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http://link.springer.com/article/10.1007/JHEP04(2021)066
http://link.springer.com/article/10.1007/JHEP04(2021)066
http://link.springer.com/article/10.1007/JHEP07(2019)032

Amplitude analysis of B, = K*(892)°K*(892)°

Covariant tensor formalism rather than helicity formalism

» Set of four-momentum of final state particles, @,, as the fit basis(instead of angles)

» Spin amplitudes are eigenstates of orbital angular momentum

A(®y) = Figtayx—n+)(Pa) [ Frrn— (Pa) Tt (Pa)|[Fie—nt (Pa) T2+ (P4)| Z (D)

» F: barrier factor; T: mass propagator; Z: angular amplitude

Backgrounds removed by sPlot
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Amplitude analysis of B, = K*(892)°K*(892)°

* Fit results in transversity basis:
B Bg
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Branching fraction of By, = K*(892)°K*(892)°

» Control channel: Biyy = Dy (= K*K~n™)m*
B(B(Os) — K*OE*O) NB?S)—>K*°I?*0 EB?S)—>D(_S)-,¢+ 1

B(B?S) - D(_S)?T_'_) NB?S)—FD(_S)?T-F EB?S)_}K*OI?*U B(K*O — K+7T_)2

» N_o «0: from fit on B(OS) mass and }'V fraction in amplitude analysis

Bly—K*°K
» No B, DT+ : from fit on B(S) mass

» e Efficiency estimated by MC

» Results of vector-vector branching fractions

BM*(B? — K*K*®) = (0.937 + 0.025 (stat) + 0.018 (syst) & 0.036 (ext)) x 107°,
B(B— K*K*°) = (0.932 + ‘% Qé\a\f@ﬂ 1018 (syst) £ 0.036 (ext)) x 1072,
29 (stat) & 0.43 (syst) £ 0.16 (ext)) x 1077,

B(B®— K*K*) = (4.69 +

2025/11/1 CLHCP 2025
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Polarization fraction of B, — K*(892)°K*(892)°

* Fit fractions and phases:

Parameter Value Parameter Value Parameter Value
FS;D (%) 156 +0.63+0.26 Fi, (%) 15.55 £0.56 £0.38  Firs (%) 3.57 £ 0.59 +£2.3
Fis (%) 54.75 £0.89+ 1.1  Fgg(%) 10.55 +0.56 40.23 62, (rad)  —0.074 £ 0.005 + 0.008
BY 6ig(rad)  —192+0.11+0.84 d¢(rad) —2.98+ %.12 dss (rad) 0.12 £ 0.06 £0.25
I (%) 159 £ 1.0 £0.7  f (%) 34.26\@ +1.0  fL (%) 50.0 &+ 1.4 £0.3
N

g (rad)  0.73 +0.08+0.12

FSD(%) 37 + 2 £2 f{,?v(%)\{\fl + 1 £07 Fig(%) 6 + 2 +1

Fig (%) 38 + 2 £3  Fes(PS)S 5 £ 1 +£02 62, (rad)  —0.10 =+ 0.04 £0.02
B" 6 (rad) 21 £ 02 £0.3 5@&) —04 4 01 £0.1 dgg(rad) —17 £ 02 £03

fr (%) 60 £ 2 +2 [ (%) 17 £ 2 £2 £, (%) 24 + 2 +£2

8 (rad) 0.3 £ 02 +0.1

* Theory-motivated L +oz+0 observable

Liogo =4.92+0.55 (Stat@:‘té\:W\'(\;\;}@g0.0Q (ext) £+ 0.10 (fs/fa)

» Consistent with previous experimental results

» Latest SM prediction L}’% S%/I = 18.347747 Lgf—{M — 26.087579 [arXiv:2506.12478]

» A 2.4~3.50 tension between this results and the SM prediction

2025/11/1 CLHCP 2025 13


https://arxiv.org/abs/2506.12478
https://arxiv.org/abs/2506.12478
https://arxiv.org/abs/2506.12478

CPVin B - ¢¢

[Phys.Rev.Lett.131(2023)171802]

Time-dependent CP violation

Penguin-mediated decay gA

SSS

Precise measurement (LHCb run2 data) PA;
Measurement of the the CP-violating parameter |A| and the phase ¢;
¢3%° = —0.042 £ 0.075 £ 0.009 rad, L

[ ----- Combinatorial
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.171802

Search for B® - ¢¢

« B% — ¢¢ decay proceeds via a bd — s3 annihilation process

» At least one loop, Cabibbo suppressed, and Okubo—Zweig—lizuka (OZI) suppressed

* Notobserved yet B(B° — ¢¢) < 2.7(3.0) x 10~®at 90 % (95 %) CL,

[JHEP12(2019)155]

« Low branching fraction compared to B(BY - ¢¢) = (1.84 + 0.14) x 107>

> Important to control the tail of the B mass

» BDT classifier to suppress interacted kaons

Arbitrary units

2025/11/1
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https://link.springer.com/article/10.1007/JHEP12(2019)155
https://link.springer.com/article/10.1007/JHEP12(2019)155
https://link.springer.com/article/10.1007/JHEP12(2019)155

Search for B® - ¢¢

Mass fits (runl and run2):

» Consistent with the background-only
hypothesis (1.90)

Upper limit:

B(B’ = ¢¢) < 1.3 (1.4) x 107° at 90% (95%) confidence level.

» Improve the previous LHCb limit by a

factor of two

Submitted to JHEP
[arXiv:2507.20945]
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https://arxiv.org/abs/2507.20945
https://arxiv.org/abs/2507.20945

Summary

* Recent results about charmless B—VV decays at LHCb
Bt - p(770)°K*(892)*:

> First observation of direct CP violation

» Most precise measurement of f;
Blsy = K*(892)°K*(892)°

» Vector-vector branching fractions measured

» Tension on longitudinal polarization L g«og+o
B ?S) - ¢¢
> Precise measurement of time-dependent CP violation in BY — ¢¢

> Upper limit of B® - ¢¢ improved
* Mamy more results are coming soon

2025/11/1 CLHCP 2025 17



Thank you!
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