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Angular analyses of B — V'V decays
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e InaB — VV decay the total amplitude is decomposed in three independent helicity states Ay, A, A_

 Recast in transversity basis where:

A, —A A, +A
Ap A} = A= NG

V2

- Transversity amplitdutes are CP eigenstates with Ay, Ay CP evenand A; CP odd

frjL = Ao
B A+ A 2+ AL
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e InaB — VV decay the total amplitude is decomposed in three independent helicity states Ay, A, A_

 Recast in transversity basis where:

- Transversity amplitdutes are CP eigenstates with Ay, Ay CP evenand A; CP odd

p
A, —A_ A, +A. 72 X
Ap A = 7 A= 72 KON, /B

frjL = o
B A+ A 2+ AL

 Expectation from heavy quark symmetry is that in for a V — A coupling, A, should prevail over the other two:

AO:A_:A+~1:(

AQCD

fr=f+fL=1-f = O0(my/mp), filfy = 1+ O(my/mp)

Npg
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The polarisation puzzle
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This amplitude hierarchy seems to be respected in tree level decays but not
in loop induced B — V'V decays

* This puzzle predates LHCDb, and was initiated by the B-factories
unexpectedly low f; in BY — ¢K* decays
[Nucl.Phys.B774:64-101,2007]

- Gluonic penguin mediated BY — K °K decays have exhibited
breaking of this hierarchy since when first measured at LHCb
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The polarisation puzzle
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This amplitude hierarchy seems to be respected in tree level decays but not
in loop induced B — V'V decays

* This puzzle predates LHCDb, and was initiated by the B-factories
unexpectedly low f; in BY — ¢K* decays
[Nucl.Phys.B774:64-101,2007]

- Gluonic penguin mediated BY — K °K decays have exhibited
breaking of this hierarchy since when first measured at LHCb

[JHEP 03 (2018) 140]

o TI angular analysis determlnede N both \

« 1D angular analysis determined ff s with
BY and B, with 3fb™! of data

3fb~! of data

0
st = 0.208 + 0.032(stat) % 0.046(syst) ! ffs = 0.240 = 0.03 1 (stat) £ 0.025(syst)

= 0.724 0,051 (stat) = 0.016(syst) /

I
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* Recently, a series of optimised observables was introduced, invo
fractions of U-spin related B — V'V decays [JHEP 09 (2025) 188]

Optlmlsed L observables

ving ratios of (longitudinal) branching

. |f we consider Bg,) — KK by decomposing of the amplitude as

Ay

= A(B, — K*K*0)

— )‘&Q)Tq T )‘c(:Q)P q — )\,f,?) AVES )‘1(5Q)P q

with 47 = VUbV>x< , one can construct the following observable:

_ 146

° 4

Af

6l° +

Ap

P
Py

2

- 2

1+ [a®|?| 8| + 2Re (%) Re(a®)
a2 | A |? d

_1—|—\a\ A —|—2Re( )Re(a)

 a,is Cabibbo allowed, a is O(1?) suppressed, Aq/Pq expt. to be small in case of penguin mediated decays

» L observables are directly related to | P,/ P, 2,
is protected by U-spin symmetry from large 1/m, power corrections
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which can be predicted with good accuracy within QCDF and
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Optlmlsed L observables

* Experimentally, this translates to the measurement of:

B(Bs — K*YK*9) fL

p— — E—— _—_——

LK*K* — p(mK*O, mK*O)

I,SM 1747 I1,SM +5.70
I11,SM +15.35
LK*I_{* = 22.88 36 -

[JHEP 03 (2018) 140]
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/ « TD angular analysis determined fLS with
/ 3fb~! of data

% = 0.208 £ 0.032(stat) + 0.046(syst)

\ cb;” = — 010+ 0.13(stat) £ 0.14(sys0)

= ~——’
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B(Bd — K*OK*O)

L

Lexp

P, =4.43 +0.92

[JHEP 07 (2019) 032]

——

=

/» Tl angular analysis determined f; in both\
- BYand B, with 3fb™! of data |

| £ =0.240 £ 0.031(stat) £ 0.025(syst)
\ fi
\_ fF =0.724 +£0.051(stat) + 0.016(syst) /
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Optimised L observables
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* Experimentally, this translates to the measurement of:

Leading

tactors (TD anal [JHEP 07 (2019) 032)

/+ Tl angular analysis determined f; in both "\

TD ar _,we uetermined ff S with 0 | 1
B" and B, with 3tb™" of data

3fb~! of data
% = 0.208 £ 0.032(stat) =+ 0.046(syst)

% = 0.240 £ 0.031(stat) £ 0.025(syst)

\_ ' =0.724 +0.051(stat) = 0.016(syst) _

—— s — — —_—

e ———
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Measurement of Lz« using
Run 1+Run 2 data



Covariant tensor formalism: motivation I 2
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* Terms in the amplitude can be decomposed as:

A@,) = By kno (@) [B(K+,,_)(CI>4)T(K+,,_)(CI>4)] [B(K_ﬂ+)(cl>4)T(K_ﬂ+)(CI>4) S(®@,)

» Where B(®,) are Blatt-Weisskopf barrier factors, T(®P,) mass propagators (e.g. Breit-Wigner, LASS,
dispersive scattering model.. ) and $,(d,) angular terms

1 if L =0,
ifL =1,

it L =2.

V94 3(qr)? + (qr)*
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Covariant tensor formalism: motivation

dT ,
A(D )
0, \zi‘, (D]

* Terms in the amplitude can be decomposed as:

A@,) = By kno (@) [B(K+,,_)(CI>4)T(K+,,_)(CI>4)] [B(K_ﬂ+)(d>4)T(K_ﬂ+)(CI>4) S(®@,)

» Where B(®,) are Blatt-Weisskopf barrier factors, T(®P,) mass propagators (e.g. Breit-Wigner, LASS,
dispersive scattering model.. ) and $,(d,) angular terms

. . . L 1 if L =0
* The angular model in helicity formalism is fine, the problem 1 | ’
arises in the mass variables: it L =1,
B(¢,L) =< \/1+ (qr)l2
- Ag and A, amplitudes are not eigenstates of angular : - if L=2.
N B V9 +3(qr)? + (qr)
momentum but rather a superposition of £ = 0, 2

« Set £ = 0 as baseline for Blatt-Weisskopf barrier factors, trial £ = 2 as systematic

* | eads to sizeable systematics, switch to covariant tensor formalism where angular amplitudes are
eigenstates of L
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COVﬂrlant tenSOr formallsm [PhysRevD.57.431] [PhysRev.140.897
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. For a J—spln partlcle with momentum p polarlsatlon A define the projection operator P as

PMl---MJﬂ/l---VJ (p) — Z ElLl---lLJ (pv )‘)Eil...uj(pv )‘)

Where £, ﬂL(p, A) rank-J tensor with Lorentz indices y; sﬁ‘tisfying the Rarita-Schwinger conditions:

(p, A) is symmetric traceless and orthogonal to p

M1 9298

o If that state is undergoing 2-body decay with relative momentum g = p; — p, between decay products the
relative orbital angular momentum tensor is given by

L,ul..-,uj (p7 Q) — PM1...,uJ,I/1...VJqV1mVJ
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Covarlant tensor formallsm

e ——————————

=t

—— Y = SR

[PhysRevD.57.431] [PhysRev.140.B97]

e For a J—spln partlcle with momentum p polarlsatlon /1 define the projection operator P as

Pﬂl...,uj,l/l---VJ (p)

Where 8/41 m

IS symmetric traceless and orthogonal to p

o If that state is undergoing 2-body decay with relative momentum g = p,

relative orbital angular momentum tensor is given by

Z E,Ul---,UJ (pv )‘)E

A
(p, 4) rank-J tensor with Lorentz indices y; satisfying the Rarita-Schwinger conditions: € £, . ML(p, A)

k
vl..vJ

(P, A)

— p, between decay products the

— V...V g
Lul...uj(pD Q) o P,lLl...,uJ,l/l...qu

» Individual spin densities S are obtained BO decay topology S(Py)
Comesponding L2 () 5= VT[S L (v a0 )L v av)
’ B — V‘_/:P] €uwpoPBLY (DB, qB) LY (v, qv ) L (v, q7)
 Fora B — VYV decay, 6 amplitudes in B — V‘_/-D] L,w(pB,q8)L" (pv, qv)L*(pv, qv)
total B — V§ Lu(pB, q5)L*(pv, qv)
» Fit basis: the set of final state four- b — S5V L. (ps; q8)L* (Py qv)
momenta of particles @, B — 55 1
Puzzles in B — V'V decays and L measurements 7
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Surfing the S-wave

« Within the K7 system:
» P-wave: relative £ = 1 between K+ and 7~ , e.g. K*(892) - K* 7~
. S-wave: relative £ = 0 between K+ and 7~ , e.g. K*(700)° - K*z~, K*(1430)° - K7~

. S-wave is the largest contribution in the K*(892)" region (amounts to 50 — 70 %)
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Surfing the S-wave
« Within the K7 system:
» P-wave: relative £ = 1 between K+ and 7~ , e.g. K*(892) - K* 7~
. S-wave: relative £ = 0 between K+ and 7~ , e.g. K*(700)° - K*z~, K*(1430)° - K7~

. S-wave is the largest contribution in the K*(892)" region (amounts to 50 — 70 %)

e |Increase the lever arm into S-wave constraint:

((Kiﬂ;) threshold < m(Kiﬂ'i) < 1042) MeV/c?

* Upper limit is chosen to remain in the elastic

region (i.e. below Kr](/) production) where the S-
wave parametrisation is simpler

e First time at LHCD fitting the K=z S-wave down
to threshold

D. Lancierini (ICL) Puzzles in B — V'V decays and L measurements




Surfing the S-wave

« Within the K7 system:
» P-wave: relative £ = 1 between K+ and 7~ , e.g. K*(892) - K* 7~
. S-wave: relative £ = 0 between K+ and 7~ , e.g. K*(700)° - K*z~, K*(1430)° - K7~

. S-wave is the largest contribution in the K*(892)" region (amounts to 50 — 70 %)

* Increase the lever arm into S-wave constraint: « Si.. mass propagator model built on top of Pelaez-

. . 2 Rodas parametrisation [PHYS. REP. 969 (2022) 1]

* Lineshapes obtained in y-PT framework fulfilling

* Upper limit is chosen to remain in the elastic unitarity, causality and crossing symmetry
region (i.e. below Kr]() production) where the S-
wave parametrisation is simpler * Improve on description of lineshape by including
QMI description of direct production of resonances
 First time at LHCDb fitting the K* 7" S-wave down from B decay
to threshold
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S

Surfing the S-wave w(y) = w(y(s) = ﬁiﬁj yo) y<s>=(j;§§:) - 0= y(s0)

—_—_— — . ——————————_ . _— < = =s - —

== — = S——— —— — — SR

e Epr|C|t expression for the Pelaez Rodas [PHYS REP. 969 (2022) 1] parametrlsatlon ([ = 1/2) reads

1/2( ) — \/E
cot y'X(s) — i COLoy ) = 2q(s)(s — 54)
» Where g is the momentum from the A(M; m,, m,) function, s, is the Adler zero (the amplitude limit for soft
pion/kaon) and w(s) is a conformal mapping

{ —
T;;{a—ﬂZ'K(S) T

(By + Byaxs))

« Numeric values for a, sy, S4, By, B from a constrained fit to scattering data

* Include an additional term that accounts for direct production of resonances in 5-decay, besides the
possible re-scattering after hadronisation

T(s) = P(s) Sii_nx(s) = P(s) (1+iT7%"k(5))

» P(s) unknown production function — use QMI approach and parametrise with complex polynomial of degree 4

with parameters cAbS lArg determined from a fit to the data (X(s) conformal mapping)

P(S) _ (1 4 Cfxbs X(S) + szkbs X2(S) o ) ei (cfrgX(s)+c§‘rgX2(s)+...) .
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Angular fit projections

e B> SVand B - V§
are not CP eigenstates.
Rotate to:

1

Vst = —Z=(VS)+15V)),
_ 1
V§™) = E(IV& —15V)) .
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[Phys. Rev. D 113 (2026), 092002]
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[Phys. Rev. D 113 (2026), 092002]

Result recasting to helicity basis

= — — _ — ——— e e ——— —_ —= — = - - —
— e =

« Measured quantities are CP-averaged fit fractions, and strong phase differences

fm[|a2Az(<I>4) 2 4 GZZZ((I)LL)‘Z] d(I)4
LU aiAi(Pa) 2+ 130, aiAi(P4)[?]) APy
Parameter Value Parameter Value
B "S'D(%) 37 £ 2 +2 FEo (%) 14 £ 1 0.7
BY  FoiP (%) 15.6+£0.63+£026 Fi (%)  15.55+0.56 & 0.38

Ji =

* To recast results in transversity basis generate pseudo-experiments from the fit result:
* Fit back with angular amplitude in trasversity basis in 3D

AVV(9K+7T_ ; 6K‘7T+7 90) x Ap, cos 9K+7T— COS 9K‘7T+

| AH Sin9K+7r— Sin@[{—ﬁ COS Y AL
V2 NG

e Only P-odd amplitudes are A | in helicity and A, in covariant formalism: important cross check of

consistency
D. Lancierini (ICL) Puzzles in B — V'V decays and L measurements 12
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[Phys. Rev. D 113 (2026), 092002]

I I 1 1 1 1 I I |

150

100

arg(T'(s)) [*.

A
-

LHCb
9 fb~!

ol
B B’ model =
B B model _E

IO.7I Il
my._ [GeV/c?]

» Dashed curve is pure [ = 1/2 scattering transition amplitude Ty __, ¢ .(5)

0.8 0.9 1

my._ [GeV/c?]

e Clear departure from pure I = 1/2 , deviation in magnitude showing impact of production amplitude

e Watson’s theorem: phase is the same for s, f and u diagrams, i.e. the phase of the re-scattering term is the same

as the production term

» Significant shift in Arg(7(s)) indicate that naive Watson’s theorem might not be applicable here

D. Lancierini (ICL)
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arg(T'(s)) []

[Phys. Rev. D 113 (2026), 092002]

- Might indicate that S-wave in BY decays dominated by I = 3/2 amplitude

» While interference I = 1/2 between I = 3/2 could explain B" phase motion

 In untagged analysis (K+n_)g could come either from gluon loop or spectator interaction

* Adding flavour tagging will allow to split the S-wave by production mechanism

D. Lancierini (ICL)

. | T
N\ > CFD
= g 0g ~(8) Estabrooks et al. +——= l
b ) % Jongejans et al. ——e
=10 | i%%]\ L F Choetal. —
. Ty Linglinetal. o
T Bakker et al. —o
= -15 % N ) {
— -20 | < | '
B B’ model = s N } h, >
B B model -  [PHYS. REP. 969 (2022) 1] * & |
. I ) . . : I . :l _30 . . 2 | : . . I . : . | . . . | . . . | . . .
0.9 1 0.8 1 1.2 1.4 1.6
M. [GeV/c?] Vs GeV
W+
) 4+—-—<4—<4“<43
q >K*O
d /
B
d
> [ *0
S > S
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[Phys. Rev. D 113 (2026), 092002]

B( y = K *OK*O results

E——— —_ E——— —_

S — - — —— — —— = = = —

* Most precise branching fractions measurements, improving over the PDG uncertainties a factor 5 for
r > K() K
BY) - KK and 4 for B” - K'°K™

o Ly+og+0 in good agreement with previous exp value of Lg+g+ = 4.43 £ 0.92

e R — _

/// — - \
ﬂ % = 0.159 £ 0.010(stat) + 0.007(syst)

 Now f; and L observables stat

dominated 50
7 = 0.600 = 0.022(stat) = 0.017(syst)

 Different sources of syst
uncert leading for BY

(background model) and B,
(sighal model)

B(B) — K*K*) = (0.932 £ 0.025 (stat) £ 0.018 (syst) & 0.036 (ext)) x 1
B(BO—> K*OR*O) = (4.69 =+ 0.29 (stat) £ 0.43 (syst) & 0.16 (ext)) x 1

* Tension with SM+QCDf persists \\ LK*OK*O = 4.92 +0.55 (Stat) + 0.47 (SySt) + 0.02 (ext) + 0.10 (fs/fd .
number of ¢ though depend on S

SM FF assumptions I1.SM | ’
g Lyipe =26.085570. LIDM — 998871835 [JHEP 09 (2025) 188]
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Bg) — K °K™Y: Run 3 prospects

[E— = = = D g N = — = = = —

* Experimentally, the branching fractions and angular
: *(0) * : :
observables in Bg) — K YK are far more precise than their

SM prediction

b
* Nonetheless the Run3 update of those observables is 0
ongoing B
* Expect to reduce systematic uncertainties related to limited -
simulated sample size d

* Thorough studies to understand the abundant new data
collected in Run3

» This will lay the groundwork for a future update of ¢, measurement using b — sdd transitions

 TD + FT performances are crucial ingredients

D. Lancierini (ICL) Puzzles in B — V'V decays and L measurements
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Prospects for L,
In Run 3
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L observables from B — PV decays

« Among the observables proposed in [JHEP 09 (2025) 188] the L ratios of B ;,, — — K'K*(892)" decays have no
experimental determination.

 The BF of the suppressed B, — KYK*(892)" has never been measured

B(Bs - K*°K") + B(B; — KK*Y
Liotal = p(mKoamK*O) ( ( ) ( )>

B(Bd — I_{*OKO) -+ B(Bd — KOK*O)

SM +5.32 II, SM +3.18 I11, SM +4.83
Ltotal = 22.69 —5.32 Ltotal = 21.38 —3.06 Ltotal = 19.99 —4.53

» Different form factor treatment yields different SM predictions and uncertainties (| - LCSR only, Il combined
analysis including LCSR and lattice, Il lattice only)

LIII

« For observables relying only on B, ; — K* FF, Il and lll are in greater disagreement since

Bd,s — K* lattice FF determinations have large uncertainties and are only available at high q2
» For L™ where both B, , = K* and B, ; — K contribute the Il - lll disagreement is lower

D. Lancierini (ICL) Puzzles in B — V'V decays and L measurements
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Several L

« Different L observables built with B — PV decays depending on which final state
meson picks up the spectator quark have different NP sensitivity. ( L, stands for &
picks up the spectator quark )

=

* Even though the final state is not CP symmetric, the decay is not self-tagged. As
opposed to B, — K*K* FT alone will not tell you which meson picked up the
spectator quark

D. Lancierini (ICL) Puzzles in B — V'V decays and L measurements

[JHEP 09 (2025) 188]

d

gaMSJ

g\

> d
W+

LK*O, KO
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Several L

« Different L observables built with B — PV decays depending on which final state
meson picks up the spectator quark have different NP sensitivity. ( L, stands for &
picks up the spectator quark )

=

* Even though the final state is not CP symmetric, the decay is not self-tagged. As
opposed to B, — K*K* FT alone will not tell you which meson picked up the
spectator quark ) ) B B

B(B, — K*°K") ; B(B, — K°K*0)

B(B; — K*OK0) KX B(B; — KOK*0)

LK* X

Need FT+TD analysis on both B
unlikely with dataset collected until now

D. Lancierini (ICL) Puzzles in B — V'V decays and L measurements
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d

ga;\j%x\/\/\"—<SJ

g\

> d
W—I—

K0 K0
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Several L

« Different L observables built with B — PV decays depending on which final state
meson picks up the spectator quark have different NP sensitivity. ( L, stands for &

==

picks up the spectator quark )

* Even though the final state is not CP symmetric, the decay is not self-tagged. As
opposed to B, — K*K* FT alone will not tell you which meson picked up the
spectator quark

B(B; — K*K") A B(Bs -+ K°K*Y)

L s _ -
KX B(B, — KK

B(B, — K*KY)

LKOC

B(Bd — I_(OK*O)

B(B, — K°K*)

Lrer & B(B; — K*0K0) + B(B; — KO0K*0) Lk % B(By — K*0K°) + B(By — KOK*0)

D. Lancierini (ICL)

Need FT+TD analysis on denominator, but fast

B oscillations would heavily impact exp.
sensitivity

Puzzles in B — V'V decays and L measurements

[JHEP 09 (2025) 188]
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Several L

« Different L observables built with B — PV decays depending on which final state
meson picks up the spectator quark have different NP sensitivity. ( L, stands for &
picks up the spectator quark )

==

* Even though the final state is not CP symmetric, the decay is not self-tagged. As
opposed to B, — K*K* FT alone will not tell you which meson picked up the
spectator quark ) ) B B

B(B, — K*°K") ; B(B, — K°K*0)

B(B; — K*0K0) KX B(B; — KOK*O)

LK* X

B(By — K*°K") B(B; — K°K*")

Ly &

Single out the B, at numerator to reduce

impact of oscillations. FT+TD analysis still
needed, Run 3 possible ?

D. Lancierini (ICL) Puzzles in B — V'V decays and L measurements

B(B, — K"KY) 1 B(B, — KOk*) YK % B(B, — K*K%) + B(B, — KOK*0)

0
By
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Several L

« Different L observables built with B — PV decays depending on which final state
meson picks up the spectator quark have different NP sensitivity. ( L, stands for &
picks up the spectator quark )

* Even though the final state is not CP symmetric, the decay is not self-tagged. As
opposed to B, — K*K* FT alone will not tell you which meson picked up the
spectator quark ) ) B B

B(B, — K*K") ; B(B, — K°K*0)

B(B; — K*0K0) KX B(B; — KOK*O)

LK* X

B(By — K*KO) B(Bs — K°K*")

Ly &

. . B(BS—)K*OI_{O)“B(BS_)KOR*O)
total B(Bd N I_{*OKO) 4 B(Bd — ROK*O)

Easiest and first stepping stone for this class of observables
+ would be first measurement of B, mode

D. Lancierini (ICL) Puzzles in B — V'V decays and L measurements

B(B, — K*K%) + B(B, — KOK*0) Lk B(Bs — K*0K9) + B(B; — KVK*0)

[JHEP 09 (2025) 188]
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Related LHCb results

O Measurement of the untagged branchlng B, — KSK*(892) ratio using 1
fo~!

« First observation of the B, mode and upper limit on the B ; mode,
used B, — K as control mode

B(B] — K°K*(892)") + B(B] — K°K*(892)°) = (164£34£1.9+£10%0.7)x 10,

B(B’ — K'K*(892)°) + B(B* — K°K*(892)") = (0.2540.34 4 0.05 4 0.01) x 107°,

< 0.96 (1.04) x 1076 at 90% (95%) CL,

© Amplitude analysis of B, — K Kz using Run1 data

* Untagged decay-time-integrated amplitude analysis that determined
among other resonant states the BF of the unsuppressed mode:

B (B~ K*(892)° K K*(892)° - K¥r%) = (132+£19+0.8% 2.9+ 14) x 107,

B(BY— (KFr*); K°) = (262420%07+ 7.3+28)x 10,

« total Kt S-wave that is modelled by the LASS lineshape.

Candidates

Candidates / (32 MeV/c?)

~ 150

p—

S

o
|

Candidates / ( 12 MeV/c?
3

50200
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https://inspirehep.net/literature/1380184
https://link.springer.com/article/10.1007/JHEP06(2019)114

toy dataset, DD

Toy setup - generation numbers AL
— e — e e == 50.95
* Generate toy dataset using: H
0.90
. \A(‘)Z’S |* from Run1 analysis, LIZIK* = 25 inspired by theory prediction 085
« N(B,) from luminosity scaling + ratios of branching fractions from -5
[JHEPO1(2016)012] and [LHCb-PAPER-2024-029] 075
5.2 5.3 5.4 5.5
* Assume hardware trigger removal leads to 1.5x increase in efficiency m(K K) [GeV /2]

Npp(B,) ~ 7000, Ny (B,) ~ 3000 % L0 toy dataset, LL
3 1.
* Signal fraction is kept at 0.6 (0.8) for DD (LL) categories, background is 5095
combinatorial (exp) in both mass dimensions T
(Km)g 0.90
» Convolve generated mass peaks with gaussian RUNS S 3g ;50 —
core to include resolution effects ?JJ((MG;/CCQ)) 579 L 6 L o1 0.85
r(GeV™)
» S-wave parametrised by LASS with parameters | a(G&V") | 1954009006 080
from Nucl. Phys. B296 (1988) 493. b(GeV™) | 1.76+0.36 +0.67

0.75

52 5.3 54 5.5
D. Lancierini (ICL) Puzzles in B — V'V decays and L measurements m(K Kr) [GeV/c*24


https://inspirehep.net/literature/1380184
https://arxiv.org/abs/2603.08621v1
https://www.sciencedirect.com/science/article/pii/0550321388900284?via=ihub

Adapted from [arXiv/1306.1911v2]

Ltotal observable extraction strategy

 The differential decay width of B ;. — KYK*( — Kn) is parametrised in terms of the angle cos 0, and the K* invariant mass

d cos(Ox)dmy .

x |Ag|* | To(mg,) |* + 3| Ay |7 cos? O | Ty(my.,) |°
_21/3 cos 0, | A¢| | A, | Re [exp i - TS(mKﬂ)Tg‘(mKﬂ)]

«  Where the A, A¢ are the amplitudes for the P-wave and S-wave component respectively and T¢(my ), To(my ) are the
corresponding line shapes. Integrating out the angular dependence one simply has:

x |Ag|?| Tg(mg ) |7 + | Ay |7 | Ty(mg,) |
deﬂ.

e (@Given the definition:

|AS|* X N (B, — K°K¥)
|Ad|* X N (B; — KOK*)

Ltot X

By normalising the T¢(my ), T5(mg,) to unity in the fit range of my, one is tempted to determlne Lt
fit to the reconstructed B mass to tell the B, and B, apart and to the my_ to extract | A, |, | Aq|’

ota] from a 2D simultaneous
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Toy setup v1 - fit results

S — —— ——— e e - o =
S _ —_ === = — = Pep—
— s =

m(KsKo) fit
- Total fit, DD
— == sig.B;, DD
=== sig.B;, DD
Comb. bkg.
+ toy data

2D unbinned ML fit to m(K¢Kx) mass and

m(Kr), simultaneous in the LL and DD
reconstruction categories

N
-
-

1500 |

~
-
-

o
-
-

m(Kom) fit
Total fit, DD
- == K" P-wave, By
— == K" S-wave By
— == K* P-wave, B,
- == K" S-wave B;
Comb. bkg.
+ toy data

[q\l
Q
S~
>
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S
-
A —
S~
7]
Q
>
<
o
o v—{
o)
S
<
O

« Asthe B, mode is suppressed, express the 1000T

likelihood as a function of thé’tl’(;l to improve
S

gaussianity of uncertainty on result

Candidates/ (0.006 MeV/c?2

(\®
-
-

500 | ;
' 100

* Double sided CB for B mass shape,
BW for P-wave, LASS for S-wave including
K*(1430) and exponential for combinatorial

b 300 i — b B e e e — T.otellé ﬁt,LlﬂL
. E ﬂ E 200 - | ~ - si?Bj,’ LL
* Apply constraint to S-wave parameters 2 conl 1 3 ‘ . 4 Comb e
around 1 sigma uncertainty from their S 150 | ]
. . . p_,; % \
determination (see table prev. slide) E 2 LA (KD fit
2 400 |- 4 E ! -
S S 100 F 4! \ + + Total fit, LL
* Share common shape parameters between : SRR i1 E— K e !
track categories where possible I ] Z VU A ] ==+ K'P-wave, B,
200 50 / \ i — == K" S-wave B
I ] t Ii _____ \‘\:— - ] Comb. bkg.
 Reach statistical precision on \ _ I 7 R T toydaa
< I I tet st eeepetetqe sty -_r i —‘__—_-_—:___—
L .;of ~20% 5.2 5.4 5.6 0.8 0.9 1.0
m(KsKo) m(Ko)
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Toy setup v1 - fit results

Correlation Matrix

« 2D unbinned ML fit to m(K¢Kz) mass and g oo [R
m(Kr), simultaneous in the LL and DD 5 swann oo [N 1.00
reconstruction categories o oo oo NG [
a_S_wave_fit -0.03 0.01 -0.01 - j 0.75
« Asthe B, mode is suppressed, express the ooveen o on oo oo [ -

. . . — . delta_mu_fit DD 0.00 -0.00 -0.00 0.00 0.00
likelihood as a function of L%~ to improve --

K g K * delta_mu_fit_LL 000  -0.00  0.01 0.00 0.00 0.00

gaussianity of uncertainty on result oo muto 552 000 o0 oo 0w oos om0 o |G - 025

fv_Bd_fit -0.01 0.03 - -0.01 000  -0.00  0.01 -0.00 - i
- 0.00

* Double sided CB for B mass shape, veon [TRRIERETE e o e e s
BW for P-wave, LASS for S-wave including PO o | o | oo | o | o | oo | e | o | e | o

K*(1430) and exponential for combinatorial -0
] |_mKpi_val_DD 0.02 -0.01 -0.00 0.07 0.05 0.01 0.00 -0.03 0.00 -0.02 -0.03 : ~0.50
¢ Apply ConStraInt to S_Wave parameters |_mKpi_val_LL 0.01 -0.01 0.00 0.04 0.03 0.00 0.01 -0.02 0.01 -0.01 -0.01 | |
around 1 Slgma uncertalnty from thelr scale_sigma_fit DD 0.00 0.00 -0.00 0.01 0.00 003  -0.00  -0.01 -0.02  -0.05 0.06
determination (See table prev. Slide) scale Sigma fit LL 0.00 0.00 -0.00 0.00 0.00 -0.00 -0.05 0.00 -0.01 -0.02 0.01 o
sig_frac_fit_ DD 0.01 -0.00 -0.01 0.02 0.02 -0.03 -0.00 -0.01 -0.05 -0.10 0.15 a
 Share common shape parameters between g e
. . sig_frac_fit_LL 0.00 -0.00 -0.00 0.01 0.01 -0.00 -0.03 0.00 -0.03 -0.05 0.03
track categories where possible
S QR N > L % 006\\ < & P NY P NY N Y QL "%
ot i § F ST X 8 S SS
* Reach statistical precision on &8 ST S A O U e
&7 B <
LtOtal Of ad 20 % 6&0/
Parameters
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3000 -

2500 -

Angular acceptance effects

2000 -

« Presence of selection cuts including cuts on minimum P, P of
reconstructed tracks as well as geometric detector acceptance sculpt

the cos Oy distribution

1500 A

Density

1000 A

e Integral over COS 6’K of the decay width doesn’t cancel, and we become .
sensitive to interference terms in the amplitude —— Chebyshev

<4 toy data

d -1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

2 2 2 2 COSTHETAK TRUE
o |Aq|”| To(my,) |~ + 3| Ag|“ cos® Or | Ty(my,) |

—24y/3 cos 0, |Ag||Ag| Re |expié - T(my,) 15 (mg,)

d cos(Ox)dmy,

* The resulting bias is dependent of the phase difference between P and _
S wave, 0 o+

« One can show using toy study that the bias can reach order 5 % of 3_ +|+ _
| Ag|* which is considerable over a ~ 20 % aimed precision on L, B “EI:F +|+ ;
: -Elg- toy data

1D fit mg, no acc

« Motivates to include cos Oy as a fit variable | +|a~&|++|++|+ ﬂ} ID fit mgy yes ace -

—5_— ....... 1....1....1....1....1....1...—-

—150 -100  -50 0 50 100 150
D. Lancierini (ICL) Puzzles in B — V'V decays and L meas S (deg)




Toy setup v2 - fit results

—
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5250 £
5200 - Total fit, LL S ——— Total fit, DD
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100 | <+ toy data 200
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Toy setup v2 - fit results

3D unbinned ML fit to m(K¢Kx) mass,

m(Kr) and cos O, simultaneous in the LL
and DD reconstruction categories

In the fit, a good knowledge of the
background shapes in the 3 variables is
assumed

Use control regions to extract the
background angular distribution

Share common shape parameters between
track categories where possible

Inclusion of cos 6 allows to reach
statistical precision on

Lt IOlez%

ota

D. Lancierini (ICL)

Parameters

Kst 892 r fit -

L fit

a_S wave_fit

b S wave fit
delta_Bd_fit
delta_Bs_fit
delta_mu_fit DD
delta_mu_fit_ LL
delta_mu_kst 892 fit DD
|_ctheta_fit_ DD

| ctheta fit LL
|_mB_fit DD
|_mB_fit_LL
|_mKpi_fit DD
|_mKpi_fit_LL
modAOs_Bd_fit
modAOsq_Bs _fit
scale_sigma_fit DD
scale_sigma_fit LL
sig_frac_fit DD

sig_frac_fit_LL

0.00 -
-0.04 -
-0.03
002 019 013 -0.09 -
-0.09 0.07 0.52 -0.44
000 000 -0.00 -0.00 001 0.00 -
-0.00 0.02 0.00 0.00 0.00 0.00 0.00 -
011 003 003 -001 012 023 000 0.00 -
-0.00 -0.00 -0.00 0.00 -0.00 0.00 -0.00 -0.00 -0.00 -
000 000 -0.00 000 -0.00 000 -0.00 -0.00 -0.00 0.00 -
-0.00 0.00 -0.00 -0.00 0.00 -0.00 0.00 0.00 0.00 0.00 -0.00 -
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Ltotal Run 3 prospects

e

 From these studies, L, . is feasible with Run 3 data with a good precision.

otal

- Would constitute the first observation of B, — K K*(892)" , if normalised to B, - K7~

« Measurement explicitly optimised on L measurement

* Expect S-wave to be dominant systematic uncertainty here too

« Aim to include all possible information that can be borrowed from Run1+Run2 BO — K'VK™
measurement

» Steps to singly tagged L observables such as Zh, ih still not obvious due to limitations induced by
oscillation

* Probably this would constitute a dilution factor to be quantified

* In Run 3, enough statistics in the Cabibbo suppressed mode to perform flavour tagging. FT
performance + time acceptance crucial ingredients.
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NP sensitivity

 Observables are sensitive to
modifications to WC of local
four-quark operators e.g.

QCD penguin C,,,
chromomagnetic Cg, as well
as Cg,

e [. observables are the most
difficult experimentally but
most sensitive to
modifications to WC
coefficients

[ could constitute a good
compromise

D. Lancierini (ICL)

LK'K" LKK

[JHEP 06 (2023) 108]
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[JHEP 09 (2025) 188]
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= == — S

Not only b — sdd ...

e Several Run 1 + Run 2 B — V'V analysis are L measurements with other modes are inbound
- ongoing, a non exhaustive list: ‘ _. Observable | SM | Experiment
o B((;) — KOK 0 Ly -z 19.53“:26-;% 4.43 +0.92
0 *() | Lgg 26.0073% | 14.58 £3.37
e B, — ¢K Lk 21.30*%12 -
(S) . O O —O fJK 25 01-:4?3? -
Shed light on the . B( , = KYK x| B0y
. B — pOK™0 polarisation puzzle ’ P Dot - B
(5) 0 *() Rg 0.70“:%53'2%25 -
() B+ —> ¢K*+ © B(S) _) ¢K LTotal 23‘484—-:?5..9852 —
» Run 3 LHCb has collected record luminosity _ 4 ot recorded luminosity — pp 35,07
Ié Run 3 -25.91/fb Cb
" ] > 35 —— 2026 (13.6 TeV): 3.35/fb %ﬂ
* Having moved to fully software based trigger roughly El g |
doubles the number of signal candidates per £ T moewons
— 1 ; 2 — 2018 (13 T.eV): 2.19/1fb
P E a0 Bk A
5 5 e
— huge dataset of charmless B decays R R i o /
to explore g 7
/ LS1 -
0 D
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[Phys. Rev. D 113 (2026), 092002]

BO — K *OK*O Invarlant B mass flts

. Before we can proceed for the angular fit, |solate the S|gnal of interest with a fit to m(KﬂKﬂ)
» The branching ratio of BS — K'YKVand B - K"°K™" is also derived separately:

- Normalise with respect to open charm decays B) — D z" and B — D~z with identicalnumber of
K and & in the final state:
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Systematic uncertainties on branching ratios

_— —_— S — _ — — ——— e e ————— —_ —= == = = R = = == = =
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* | eading systematic are

Source B(B°— K*K*) B(B?— K*K*) ggg;:f{ggg; L o0 oo
x1078 x10~7 x107°

» For BY the background modelling

(worse S-B ratio) and acceptance Tail parameters 0.46 0.68 0.69 0.16
weights (simulation sample size)  Signal model 0.76 0.83 1.98 0.21
Background model 3.36 0.21 4.84 0.37

* For Bg signal mass shape Barrier factors 0.44 0.57 1.18 0.10
modelling in the 4-body mass fit BDT 0.05 0.05 0.16 0.01

. C PID weights 0.53 0.02 0.64 0.17

) ﬁ:’;e”?;twe parametrizations are . atic weights 1.13 0.61 2.26 0.27
Trigger correction 0.09 0.44 0.38 0.02

* S-wave and Blatt-Weisskopf not Total combined syst 3.72 1.45 5.91 0.56
leading syst anymore Amplitude syst 2.07 1.07 4.84 0.21

. S-wave syst assessed by Total syst 4.26 1.80 7.00 0.47
Total stat 2.93 2.47 3.66 0.55

moving to LASS parametrisation
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Parameter | sWeights KDE  KDE Tracking Fit bias S-wave Decay-time S-wave Tensor | Total  Total
bandwidth  kernel lineshape shape resonance | syst stat

F{%D 0.05 0.07 0.04 < 0.01 0.05 < 0.01 0.03 0.14 0.18 | 0.26 0.63

FEy 0.19 0.06 0.08 < 0.01 0.22 < 0.01 0.13 0.15 0.08 | 0.38 0.56

Firs 0.17 0.05 0.14 < 0.01 0.19 < 0.01 0.03 0.61 2.19 | 2.29 0.59

Vs 0.48 0.11 0.04 < 0.01 0.50 < 0.01 0.11 0.81 0.26 | 1.11 0.89

B?  Fgg 0.06 0.02 0.01 < 0.01 0.05 < 0.01 0.02 0.09 0.19 | 0.23 0.56
STy < 0.01 <0.01 <0.01 <001 <0.01 < 0.01 < 0.01 0.01 <0.01| 0.01 <0.01

Ot g 0.02 0.01 0.03 < 0.01 0.01 0.01 < 0.01 0.09 0.84 | 0.84 0.11

Vs 0.01 <0.01 <0.01 < 0.01 0.01 0.01 < 0.01 0.12 0.01 | 0.12 0.04

dss 0.02 0.01 0.02 < 0.01 0.02 0.01 < 0.01 0.25 0.01 | 0.25 0.06
F“S;‘J;D 0.05 0.79 2.06 < 0.01 0.26 0.03 0.08 0.14 0.72 | 2.34 2.04

FLy 0.19 0.38 0.45 < 0.01 0.24 < 0.01 0.12 0.15 0.28 | 0.74 1.35

Fifs 0.17 0.39 0.76 < 0.01 0.27 0.02 0.05 0.61 0.11 | 1.10 2.17

Vs 0.48 0.93 2.47 < 0.01 0.11 0.01 0.08 0.81 0.72 | 2.89 2.27

B  Fgs 0.06 0.12 0.10 < 0.01 0.12 0.02 0.01 0.09 0.10 | 0.24 1.00
Sy < 0.01 0.01 <0.01 < 0.01 0.01 < 0.01 < 0.01 0.01 < 0.01 | 0.02 0.04

0t g 0.02 0.11 0.21 < 0.01 0.02 0.01 < 0.01 0.09 <0.01| 0.25 0.22

Vs 0.01 0.03 0.03 < 0.01 0.01 0.01 < 0.01 0.12 <0.01| 0.13 0.11

0ss 0.02 0.07 0.10 < 0.01 0.01 0.01 < 0.01 0.25 <0.01 | 0.28 0.15
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K
° The BJr — pOK N decay was not studled at LHCb before
 Amplitude analysis from BaBar: branching fraction, polarisation and CP
asymmetry were measured (f; = 0.78 £0.12)
 New analysis with full Run1 + Run2 LHCb datasets 7
a0 +_— g 0+ Bt
e Recostructed with p” - 7777, K ™ — K¢z %
N(B*) = 2208 + 53 N(B~) = 2333+ 55
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Amplitude analysis of Bt — pK™*

PR

L 136 (2026) 021803]

phase-space regions of

. 5D amplitude analysis of BY — (z*z7)(KJz") in the

e (03 <m(zxTn7) < 1.1)GeV/c?

. (0.75 < m(K{r") < 1.2) GeV/c*

« Simultaneous fit to BT and B~ candidates
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BT — (n"n ) Kg

31(1260)
31(1640)

Data

— Total fit

7 VV = p(770)°’K*(892)" + w(782)K*(892)" + interf.
VS = p(77O)O(Kgn+)S + a)(782)(K(S’Jr+)S + interf.

""""" SV = § K*(892)" + S,K*(892)* + S,K*(892)" + interf.

""""" SS = S (Kgm"), + S,(Kgmw*) + Sy(Kgm*), + interf.

aKq=a,(1260)'Kq + a,(1640)*K} + interf.

""" Background

where: S, S,, S, = £,(500), £,(980), f,(1370)
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M. Beneke et al.
Phyvs. B 774 (2007) 64 ) 84:%? , >

* Most precise CP averaged longitudinal polarisation fraction: ..,

F.

2 —_ 2 J. Phys. G 38 (2011) 015006
[Apl”+ 14 B L PR —
fve = - - = 0.721 £ 0.027 (stat) =+ 0.030 (syst) R

L T2 2 B ,
z:/16{0,l,|| } (14,1 [4;17) 2T Zou etal.

4
Phys. Rev. D 91 (2015 3175 S

Su et a!. | 56+

142+ 14 b o

H.-Y. Cheng et al.
Rev. D 78 (2008) 09400

31 .
001 16728 ' ®

* (Consistent with BaBar and theory predictions

Phve
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. . . . . BaBar ‘
« Direct CP asymmetry (first observation at > 5o in this decay) Phys. Rev. D 83 (2011) 051101 | 78 %12 ——
LHCb |
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J. Phys. G 38 FS}U 1et||a|| 127.3433 o
« Magnitude and phase of CP asymmetries for single polarisation amplitudes cowangetal |0 .
and fraCtlonS 2 AO ‘- AO ’  C.Wangetal. | 53,39, °
Acp(|40|”) =15 = 0.666 £ 0.081 + 0.048,
AO 2 + AO 2 e Rew o Zouetal | 5, 6128 —o—

CP violatiop IS .driven Acp(8g) = 6y — = 0.774 + 0.172 + 0.078 Moy Chengetal. |, | .
by the longitudinal

' D-C.Yanetal. |
component

Acp(f) = Jo =i = 0.241 + 0.083 + 0.050 .

fL+ 1L

LHCb |

Chi 50.6 £6.7 - e
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