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@ A new set of non-leptonic anomalies: Optimized L-observables
@ Ly-k- for Bys — K*OK*0
@ I-KK for Bd,s — KORO

O Is there a prominent signal in the near future to confirm these
anomalies? By s — K*°K? and By s — K°K*?

©® Conclusions
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What else?

Are there other interesting anomalies beyond the surviving semileptonic P5 and
Rp,p+ anomalies?
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A new set of non-leptonic anomalies:
Optimized L-observables
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Lk for Bd,s — K*OR*O
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Theoretical framework: Helicity structure
By — WwithQ =d,s

Initial state spin 0 = same helicity two vector mesons

Three helicity amplitudes
AP> AT S AT 15 ONmp) = O(N?/m3)
» V-A structure: longitudinal amplitude dominates
» In A~: one light-quark helicity flip required

» In A*: two helicity flips required

Computation using QCD Factorization:
...expansion in A/m,, separate hard, soft

J. Matias (UAB) ALPS 2023
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Bd/s — K*OR*O

v

Purely penguin mediated modes, connected by U-spin
Branching ratio and longitudinal polarisation measured:

- [Aof?
JAol” + AL * + A

v

B [Agf* + AL + |A_|?

» One would expect
» factorisation: fp =1+ 0(1/m2)
> naive U-spin breaking expectation: ffs ~ ffd +30%
» 2019 LHCb:
ffs‘““) =0.240 £ 0.040 vs ffd’cxp =0.724 + 0.053
» QCDF predictions with 45~ from data:
fELis‘QCl)If _ 0.724:(()’.'126; vs fdeQCDF _ 0.69t%"12%
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Computation of the amplitude

Penguin mediated decay:
Ar = A(Bg — ViVa) = A\ Tq + AP,
where A\ = V,, V7,

Observation: Same structure and type of IR divergences in Ty and Py =

we use Ay = Tq — Pq free from NLO IR divergences.
[S. Descotes, JM, J. Virto, PRL 97 (2006) 061801]

1 1
Tq = Afg.lod— Ea%EW + B3 +284 — Eﬂng — Biew]
1 1
Pg = Afelof - EaiEW + B3 + 265 — 555514/ — Baewl
CF Qs = me* fvL N
Ng = Al —— AN, C1[Gk+(m3/m2) — Gy (0)] Gy = Gy — my f 0K

Using unitarity:

Ar=2\"0q — NP,
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o coefficients — a; iang

G
a?(MiM,) = (C@' + Nil> N;(Ms)
Cij:l Cras 47?2
Vi(M,) + = H,(M; M. PP(M,),
N, 4r (2)+N(12)+z(2)
v
L L)
B szl
Figure 1: Vertex diagrams.
d V2 q d Va q
b | S q b q
B N’ Vi B v
Figure 2: Penguin diagrams.
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Figure 3: Hard spectator diagrams.
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ﬁ,‘ coefﬁcients [BBNS]
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\
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Figure 4: Annihilation diagrams.
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Theoretical framework: Helicity structure

Main caveat:

(Existence of some) Power suppressed but IR divergent spectator scattering and
weak annihilation that affects amplitudes:
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Construction of optimized observables

‘ Longitudinal amplitude A, affected by IR divergences at NLO ‘

’ Transverse amplitudes (A1) affected at LO = Problematic predictions.... ‘

4

’ Can we construct an observable out of only longitudinal amplitudes? ‘

In non-leptonic B decays we build optimized observables by:

» Using longitudinal amplitudes as building blocks:
.... absence of LO IR divergences in longitudinal amplitudes

» Using ratios comparing 2nd gen. quarks (s) vs 1st gen. quarks (d)
... to benefit from the approximate U-spin symmetry.
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The L-observable

We propose in general for B, — VWV withQ = d,sand b — q:

Boss Gooafl™° A + sl
Bp—d gbasffﬁd ‘Ag‘z + |Ag|2 ’

LV1V2 =

» Reduced sensitivity to IR divergences and FFs SU(3) related.

» Constructed upon:

1. Branching ratios B}_, s
2. Phase space factor gp_,q

3. Polarization fraction ff_’q

For the particular case Bq — K*°K*?:

B(Bs — K*°K*°) f* _ |A§|* + |AG[?

Lk = P, M) g 22— ool b =

B(Bs — KOK=0) 2 — |AdJ? + |Ag2"

p(mK*o ) mK*U) = gb%d/gbﬁs

J. Matias (UAB) ALPS 2023
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Computation of the L-observable: SM prediction

2
p 2|1+ |af|? %SS + 2Re (%)Re(as) A4 A5 |2 90
L * ok — p— = ~ .
o : Pq 1+ |ad)? B4 2+2R(‘ (ﬂ)Rc(wd) A+ NS
1% Ry By el

~140.01
1+0.3 Naive SU(3)
= 09192 Fact SU(3)

0.921%2%  QCD fact

Ps

» Dominant contribution from p

e Fact SU(3): The SU(3)-breaking ratio related to FFs:

Bs—+K*
A mRARC(0)
= Ad Bg K" [y

Al m?;dAod_> (0)

e QCDF uses the full as correction with all topologies. s&ns

Bs-meson mixing generates a small correction:
14+ Aarys 1-y3
T4+ Alrya1-yE
where yq = Alg, /(273,)
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The L-observable: Experimental result

The 2019 LHCb analysis with 3 fb ™" acij et al JHeP 07,032 (2019), Aubert et al. PRL 199, 081801 (2008)

Bg,—k+og+0
Bg, _ k-0g+0

The longitudinal polarisation of both modes has been measured:

frHP(By — K*°K*®) = 0.724 +0.051+ 0.016,
fPabar(By — K*°K*%) = 0.807%1% +0.06,

yielding an average: ~
fL(Bg — K°K*®) = 0.73 + 0.05,

whereas the polarisation for the Bs — K*°K*® mode [LHCb] is:

fL(Bs — K*°K*°) = 0.240 + 0.031(stat) & 0.025(syst) .

J. Matias (UAB) ALPS 2023

= 0.0758 + 0.0057(stat) + 0.0025(syst) + 0.0016 (

)

[Aaij:2019l0z]
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Comparing theory and experiment

Theory
Experiment 2371 Naive SU(3) | 1.9¢
‘LK*,—(* =443+ 0.92\ Lege =14 19.27%%  FactSU(3) | 3.00
19.537%%, QCD fact !

We see a deficitinb — svsb — d

Tension between experiment and QCDF evaluation: 2.6¢.

» Montecarlo of nuisance
parameters to obtain an
empirical distribution:
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L kk for Bd,s — KORO
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Similarly we can introduce an observable for a decay to two pseudoscalars:
B(Bs — K°K®)  |A°|? + |A%)?

B(By — KOK)  |Ad|2 4 |Ad|2”

* abuse of language since no longitudinal amplitude here obviously...

Lkg = p(Mmyo, Myo)

p(myo, Myo) is a ratio of phase space factors.

Its SM prediction and experimental value [Belle, Babar, LHCb]:

Lz =26.0073% Lo =14.58£3.37.

exhibiting a tension of 2.4
hm

EJ

LKK

J. Matias (UAB) ALPS 2023 13/44



Hypothesis:
Let's assume that NP is the explanation.

» Can one find a common NP explanation to the two L
observables using an EFT language?

» Can we identify a future test for these anomalies if they come
from NP?

J. Matias (UAB) ALPS 2023 14/44



The L-observables: model independent interpretation

Effective Hamiltonian describing b — sq’q’ withq’ = u,d,s,c,b,and b — s(g,~):

eH—fZA (

p=c,u

Q1S ,s are the LH current-current operators, Qss...¢s and Qys...10s are QCD and EW

p Qgs + Z CisQis + C745Q7s + CBngSgs) .

i=3...10

penguin op., and Q7.s and Qggs are EM and chromomagnetic dipole op.

QY = (pb)v_a(Sp)v-a,
Q55 = (Pibj)v—a(Sipi)v-a,

Q3s = (Sb)v—_a Z (@q)v-n,

q
Qus = (Sibj)v-n Z (Gi9i)v-a,

q
Qss = (Sb)v—_a Z (@q)via,

q
Qss = (Sibj)v-n D (Gai)va,
q

Q7S*SbVAZ (Gq)v+a
Qss = (Siby)v—a Z
Qos = (Sb)v-a Z Eeq(EIQ)v—A :

Quos = (8ibj)v-a qz: %eq(ajq,)v_A ;
Q745 =

a(QiGi)v+a s

q
—e _ v
meSU;w('l +75)F“ b7

Qsgs = g—f; My 80, (1+ 75)G*b

a summation over q = u,d, s, c, b is implied.

J. Matias (UAB)
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The Ly.z.-observable: model independent interpretation
Cys requires a 60% contribution much beyond A. Lenz constraints (10%): discarded

80 Deficitin b — s versus b — d.
60 Cas(4.2GeV)*™ = —0.036
S0 > Ouss = (Sibj)v—a > 4(qiGi)v-a
~ NP positive 25-50% SM
20 = reduction needed in Cys
0 ‘ ...only loose constraints
=0.02 ?VP 0.02 from non-leptonic decays.
c

4s

Cags(4.2GeV)™™ = —0.151
> Oggs = %M §UNV(1 + Vs)G’wb

872

NP negative >100% SM needed
= increase in absolute value in Cggs

...inclusive nonleptonic charmless

-0.1 0 0.1 decays leaves room for b — sg
Cres

J. Matias (UAB) ALPS 2023 16/44



The Lgk-observable: model independent interpretation

50,
40§
< 302
20
10 -0.02 0 0.02
cir

J. Matias (UAB)

NP
(&) gs
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70,

60
50
40
< I
~ 30

20,

10°

—

0—0. 04 -0.02

0.00 002 0.04
P

Same Wilson coefficients Cys, Cggs that
explains Ly, but also Ces.
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More quantitatively using the EFT language the two L-observables are:

Ly = 19.25-936.23 Civ° + 14383.60 (Cae )>+55.44 Co + 50.53 ot +

Lyz = 25.90-380.76 Cis" +1646.11 (Cae” )>—631.58 Coi” +4313.58 (Coe )*+31.92 Chys +

The three differences:
» Large Ces termin Lyk.
> Linear termin Cys in Ly« is approx 3 times larger.
> Linear term in Cggs in Ly~ IS approx 2 times larger.

can be traced back to:

Cass: Absence of Cs + Cs5/N. in the V case compared to P:
» Consequence: L % gets enhanced and then:
a§(KK) oc 1 — 1061\;P (P) versus a§(K*K*) o< T— 30C}F (V).

Csgs: Origin in the chiral enhanced terms: absence of P§(K*) contribution to Cags.

a§(KK) o< 14 0.7CEF versus af (K*K*) oc 1+ 1.6C3t

8gs 893

J. Matias (UAB) ALPS 2023 18/44



Common explanation for both observables

60,

50

40

s} i .
0.00 0.02 0.04

NP
Cis

-08 -0.7 -06 -05 -04 —(),.3 -0.2  -0.1

NP
Cigs

Magenta common region for Css , Cggs if NP only in b — s.

BUT let's have a closer look to the the individual branching ratios (much less

precise and reliable)

... indeed show tension in BOTH:

B(By — K°K%)[10~°] 0.40 1 dinal B(By — K*°K*0)[10~7] 1.8¢
SM (QCDF) [ Experiment SM (QCDF) [ Experiment

+0.29 +0.98 +1.81
1.09702% | 1.21£0.16 2.27° 9%, | 6.047 180

B(Bs — KIK9) [107°] 1.60 Longitudinal B(Bs — K*?K*0) [10°]  0.95
SM (QCDF) [ Experiment SM (QCDF) [ Experiment

0.89 +2.23 +0.85

2.80°G8 | 1.76 + 0.33 43672 % | 2.6270%%

J. Matias (UAB)
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o If one takes this info from individual branching ratios.

One natural possibility is:

b — s and b — d modes are both receiving NP contributions

» Reinterpret Lxx(Cis) — Lxx(Cis — Cig) With Cig expected small.

» Explore impact of individual BRs.

J. Matias (UAB) ALPS 2023
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Allowed regions assuming NP inb — sand b — d

Including the constraints from the measured L observables and individual

branching ratios:

0.10

BRB,-KK")
BR(B,KK)
BR(5,KK)
BR(B,+KK)
Lege

-0.05

Lex

-0.08 -0.06 :‘70.04 : -0.02 :().00 0.;()2 0.04
[
Figure: Allowed region for C;\P-C}'” a) fixing
Cé\ffﬁs = 0 (magenta) and b) letting Cé\ﬁs float
freely (black dot-dashed line).

BRB-KK) |
BRB,~KK)

NP
8

Cys

Figure: Allowed region for NP contributions to

C%E-Cé\‘gi’ (magenta region).

Hatched region represents values allowed by the two measured L observables only.
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|s there a prominent signal in the near
future to confirm these anomalies?
Bygs — K*9K9 and Bgs — KOK*0

J. Matias (UAB) ALPS 2023 22/44



We can construct two (future) s —
observables B — PV and B — VP: |

My
» M; = K* case.
B(Bs — K*K’) AP + |A%)2
B(Bg — K*0K®)  |Ad[2 4 |Ad[2”
The SM prediction for this observable is: g = 21.30+%%
Lk~ = 21.00 +1040.25 C3¥ 4 12886.60 (Chy" )2 —1504.72 Coy”
+27037.90 (Cot")*—26.72 Chys + ...

L+ = p(Myo, My-0)

Notice "+" in ;¥ due to sign and dominance of as. over as; in as. = a5 — AfZag
» M; = K° case:

B(Es - KOR*O) B |AS‘2 + |AS|2

B(Bg — KOK*0)  |Ad|2 4 |Ad2”’

The SM prediction for this observable is: g™ = 25.01+42!

EK = p(Myo, My-0)

[x = 25.04-1201.22 C}¥ +15994.20 (Ci5¥)?+149.47 o +66.04 Chie + ...

J. Matias (UAB) ALPS 2023 22/44



Including the constraints from the measured L observables and individual
branching ratios:

100
80
60

179
Ly
- allowed

20

004 0.06 0.08 08 —06 -04 -02 00 02
C‘I’VP CNP
s

.02 000 002
8gs
Variation of Lx~ and Lg:
» w.rtCyt for Cif = —0.01 (left)
> W.rt Cggs for Cggy = 0.3 (right)
Magenta are allowed regions.

These two close observables in the SM can diverge by TWO orders of magnitude.
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But tagging for By modes is challenging and costly

....we may thus relax this requirement by defining observables easier to access

B(Bs — K*°K°) 2Ry -
Li= = 2 p(Myo, My0) —a——= A0 = ik-,
ke = 200, Meo) g B Reok0) 1 B(By — KOK-) ~ 1+ Ry

and
B(Bs — K°K*%) _ 2
B(By — K*OKO) + B(By — KOK*0) ~ T+Rg

Lk = 2 p(Myo, My0)

reexpressing them in terms of the optimal observables, using Ry:

B(By — K*°K°)

Rd = —==—"_
B(Bg — KOK*0) -

The SM prediction for the three observables is:

LM =17.447%%, LM =29.1673%, RSM =0.7075%.

J. Matias (UAB) ALPS 2023 24/44



Finally, we can also consider another observable that can be accessed in the short
term, but with an even more limited sensitivity to NP:

B(Bs — K*°K®) + B(Bs — K°F<*°)>
B(Bd — R*OKO) + B(Bd — ROK*O)
Lg~ + Lk [K + EK* RY

2 T 14 Rd

Ltotal - p(mKO,mK*O) <

whose SM prediction is:

SM +3.95
total — 23'48—3482'

Liotal = 23.27—220.05 Cj3F + 14633.90 (Cii7)? — 574.63 Coy-
+11970.70 (COF)>+25.44 Co% + ...

J. Matias (UAB) ALPS 2023 25/44



Including the constraints from the measured L observables and individual
branching ratios:

100 , 80

ix |

80- NP allowed T4

5 e 560
< 60 Nl

5 <40,

o~ 40:: ks |

), S20

B02 000 002 004

.02 000 002 004 006 008
cyr cay

Variation of L~ and Lk and Liotar::
» w.rt G for CiF = —0.01
Magenta are allowed regions.
The less tagging the smaller the sensitivity:

hat observables — un-hat observables — Lioa

J. Matias (UAB) ALPS 2023
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Including the constraints from the measured L observables:

60

{ | e
50+ 4 I

NP, allowed
Cogs

osscs ] o ]
08 07 -0.6 -05 -04 -03 -02 0.1 T 08 -07 -06 -05 -04 -03 -02 -01
ar G

Variation of Lx= and Lx and Lota::
> W.r.t Cage with no NP in Cgyy (right), with NP in Cgyl; becomes more squeezed

Magenta are allowed regions.

The less tagging the smaller the sensitivity:

hat observables — un-hat observables — Liota1
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Other very singular patterns come with Cgs

assuming Ci" = +0.020.

...It predicts a convergence of all observables at 5. ~ +0.022 for hat, un-hat and
Liotar Observables at approx half of SM average value.

J. Matias (UAB) ALPS 2023 28/44



Patterns of deviations

120 120 120
100 100 100
g SO o 80 5 SO
= = =
= = =
S £ S
2 2 60 g 60
S S S
40 40 40
20 I { I I I 20 { 20 I I
A ;o1 1
0 0 0
SM P = 0.02,CYY = —0.01  Cig = —0.3,C3f =03
* Ly g Leg ¢ Lk~

< ]’:K KX LK> < LK X LTotal

Figure: Predictions within the SM and different scenarios at specific NP points illustrating the
patterns to be expected in each case, assuming NP enters both b — s and b — d transitions.
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Conclusions
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Conclusions

» There is life after December 2022 and intriguing anomalies are appearing also
in the non-leptonic sector.

» One can construct two optimized observables Lx«x+~ and Lxx exhibiting
tensions of 2.6 and 2.4 o respectively wrt SM.

» The tensions can be accommodated with a common model-independent
explanation allowing for New Physics in:

> Cys Or Cys and Cyy
> Cggs OF Cggs and Cggqy

» Finally, we have found tbat in trle near future_a measurement of_other ~
optimized observables Lk and Lx- based on By s — K*°K® and By s — K°K**:

» can produce a unique strong signal pattern that can confirm or dismiss the
tensions observed in Lk, and Lxk.

> with less tagging = less sensitivity = easier to measure other optimized
observables.
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Back-up slides
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Computation of the L-observable: SM prediction

2
p 2|1+ lof)? ﬁ—; + 2Re (%)Re(as)
LK*I_(* =K Fd N 2 N
1+ |adf2| 52|+ 2Re <P—:)Re(o¢d)
~1+£0.01
A+ A |2 A
» CKMfactors k = | =——2| ~229  ag= 33
AL+ A Ac + A
with ay ~ —0.01+i0.42, s ~ 0.009 —i0.018
Ay .
— = (-0.16 £ 0.15) +i(0.23 £ 0.20)
. Aq Pd
» Suppressed hadronic 5\ A
‘ P—s = (-0.15+0.22) +i(0.23 4 0.25)
S
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Also the combined solution...

Of course, a combined positive NP contribution to C;i" and negative for Cp
reduces the amount of NP (in absolute value):

0.02-

0.01-

0.00

NP
Cad

-0.01-

-0.02-

J. Matias (UAB)

~003 -002 -001 000 001 002 003

NP
C4s

ALPS 2023
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The L-observable: simplified particle solution

C,, = Tree level NP massive SU(3)c octet vector particle

KK gluon (axi-gluon)

Z = ALsy P TGS + AR5y PRT*bGE.  ALE flavour

C4s -

Mg
AMSM =1.11 £0.09.
1 ALAL

4 \/—GFth mKK

similar for C'4s with L replaced by R

J. Matias (UAB)

ALPS 2023

99 diagonal

Assuming flavour diagonal
coupling of KK gluon to up
and down quarks of first two
generations

v

Strongly constrained by di-
jet searches and Kand D
mixing.
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The killer: B — Bs mixing constraint

5 - - 3 o
HAF=2  — ZCJ_BSBS OJ_BSBS + ZC]_BSBS OIBSBS,
j=1 j=1
07% = [Sa7"Piba] [Ss7Pubs] |
0% = [SaPiba][8sPrbs] . 05 = [SaPibs] [S4Prba] ,
tilde ops exchanging P, <+ Pg. Matching contributions:
BsB 1 t\?1 1 5BsB 1 r\21 1
sBs A —[1- — v — A 11— =
G 2m§K( s”) 2( Nc)’ G 2m§K< sb) 2( Nc>’
1 1

BsB L BsB L
C45 ¢ AsbAsb: Css § = AsbAsb7

R Nemigy
Using the two-loop RGE:

NP
AMSM % 107 (1 1(CBsBs 4 3BsBo) 4 8.4CEBs 3. 1cBSBS) Gov?,
to compare with....
cxp
AMSM =1.11+0.09.

J. Matias (UAB) ALPS 2023 35/44



The L-observable; simplified particle solution

Cyq ;" Tree Ievel NP massive SU(3)c octet vector particle
KK gluon (axi-gluon)

00107 ' Assuming flavour diagonal

coupling of KK gluon to up
and down quarks of first two
generations of quarks

W Lgx g+ (20)
W Ly g+ (10)
M B,-B; (20)

0.005 W 5,5, (1)

R KK
5 Tev

A

Strongly constrained by di-
jet searches and K and D
mixing

v

Significant amount of
fine-tunning for Lk«k*

0.000 -

~0.005 -, ‘ . ! : : :
—01 00 01 02 03 04 05
1 KK
5 TeV

(if AR, = 0 assumed-plot)

J. Matias (UAB) ALPS 2023
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The L-observable: simplified New Physics models

Possible “link” to b — s£¢ anomalies...
degree of compositeness of b and s

KK gluon part of the
spectrum of composite/
extra-dimensional model

KK st +Z' boson

Explain b — s£*¢~
anomalies.

Explain L+

J. Matias (UAB) ALPS 2023 37/44



Future outlook

Stay tunned......

Exploring/computing other Lxx observables with encouraging/exciting results....
... soon in arXiv.

What is lacking? A good model to explain this anomaly and if possible connect
naturally with b — s¢¢ anomalies and Rp p-.

J. Matias (UAB) ALPS 2023 38/44



Remark on A [S. Descotes, JM, J. Virto, PRD 85 (2012) 034010]
From A = — AT — \{Y A with the weak phase of A\ is the 3, angle.
Combining BR = gps(|A|*> + |A|?)/2 and three CP asymmetries Adir, Amix and Aar

_ AP-IAP _ Im(e”"9A*A)
Adir = =5 Amix = - = )
AlZ + |A? Al? + |A?
Re(e "2 A*A)
A = 2pp———7
AT nf |A|2—|—|A|2

one writes these observables in terms of T, AS? A and ¢q (Bq meson mixing
phase). Eliminating T:
29P5|A‘2|)‘t(:q)|2 sin? Baq
= BR(1 —nNf sin ¢Oquix + 1 COS ¢QqAAr) s

with ®qq defined as

®oq = do — 285+ 0"
Assumption (only here): we have assumed that NP could alter only the mixing phase
of the neutral B, meson, but not the CKM matrix elements involved in the process.

J. Matias (UAB) ALPS 2023 39/44



Example of power suppressed IR divergence

Correction from hard gluon exchange between M, (vertex) and spectator quark:

Hi(MiMy) = BM1M2 mB/ / l:d)Mz <1>M1(y) X M

Avym, Xy

1) r% suppressed by Aqcp/my in heavy-quark power counting.
2) Twist-3 distribution amplitude ®m, (y) not vanishes aty = 1 — divergent.

Model this divergence by defining a parameter X,_"j“ through

1dy
Td)m
/oy ()

om) [ Lot [V [0n,0) - om0

= om0l M+/Uh%1

X,"f soft gluon int. spectator quark
regulated by physical scale Aqcp — Xm ~ (1+ pu.a€¥"4) Log(mg/N)

J. Matias (UAB) ALPS 2023 40/44



Analogy/parallelism between semi and non-leptonic decays

[M. Alguerd, A. Crivellin, S. Descotes, JM, M. Novoa. JHEP 04 (2021) 066,

reduced hadronic sensitivity optimized observables optimizing them by
using HQS: reducing sensitivity to IR WA and HSS:

» Absence of LO soft FF in optimized ) )
observables (P}) or ratios cancelling > Absence of LO IR divergences in
hadronic sensitivity in SM. longitudinal amplitudes

» LFUV ratios of 2nd gen. lepton (u~) » Ratios comparing 2nd gen. quarks (s)
vs 1st gen. lepton (e™) vs st gen. quarks (d)

Lepton Flavour Universality in SM U-spin symmetry

Broken symmetries, but corrections easier in
LFUV (QED) than U-spin (QCD)
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Theory Error budget

Form Factors

» LCSR from [Bharucha, Straub,

Zwicky]
» Main source of
uncertainty

» Could be reduced
knowing Bs and By
correlations

IR divergences

v

v

v

Relative Error

| Input | Ly | P2 |P4)?

o (=0.1%, +0.1%)[(—6.8%, +7.1%)| (—6.8%, +7%)
(A5 (=22%, +32%) - (—24%, +28%)
\ A" )| (—28%, +33%) | (—28%, +33%) -

Br |[(=0.6%, +0.2%)|(—4.6%, +2.1%)| (—4.1%, +1.9%)
o™ [(=0.1%, +0.1%) | (—3.6%, +3.7%) | (—3.6%, +3.6%)
Xy [[(=0.2%,+0.2%) | (~1.8%, +1.8%)|(~1.6%, +1.6%)
X4 |(=4.3%, +4.4%)| (=17%, +19%) | (=13%, +14%)

ko ||(-1.4%, +2.2%) - -
Others||(—1.3%, +1.1%)|(—=2.7%, +2.5%) [ (—1.6%, +1.6%)

Uncertainty of 100% and free complex phase
Influence is substantially reduced in Ly~
U-spin correlation between Bs and By must

be present (independent of parametrisation!)

v

J. Matias (UAB)

Even with X, different for Bs and By error is
dominated by form factors

ALPS 2023

Xan = (14 pan€®*H)In (7)

mg
An

pan € [0,1], ¢an € [0, 27]

[Beneke, Buchalla, Neubert, Sachrajda]
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The L-observable: model independent interpretation

How can we incorporate right-handed currents?

» Chirally flipped operators 0; are obtained:

V-A&V+A

and they are included.

» The amplitudes are trivially shifted:

Agjoc M +C7° =G AL oM O + G
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Table of inputs

By ¢ Distribution Amplitudes (at u = 1GeV) [2,7]

N, [GeV]

Ags /Ay [ o8
0.383 + 0.153 ] 1.19 + 0.14 ] 1.4 +0.4
K* Distribution Amplitudes (at . = 2 GeV) [?]
K* K* K* K*
™ I 2 2,1
0.02 £+ 0.02 0.03 £+ 0.03 0.08 4+ 0.06 0.08 + 0.06
Decay Constants (at u = 2 GeV) [?,?, 7]
fa, fa, /T3, [ [ fis /i
0.190 + 0.0013 [ 1.209 £+ 0.005 [ 0.204 4+ 0.007 [ 0.712 + 0.012
By s — K™ form factors [?] and B-meson lifetimes (ps)
B B
A (¢” = 0) A(¢* = 0) By B
0.314 £ 0.048 0.356 + 0.046 1.519 £ 0.004 1.515 + 0.004
Wolfenstein parameters [?]
Ao 0056 [ )‘0 00025 [ ﬁo 0102 ﬁo 0079
70. 0. 0. +0.
0.8235 0% | 022484 GO | 01560 GO0 [ 0.34907G 0
QCD scale and masses [GeV]
mp (Mp) mp, /Mc mg mgg My Aqcp
42 | _45/7fo0008 | 5280 | 5367 | 0892 | _ 0.225
SM Wilson Coefficients (at u = 4.2 GeV)
C [ C3 [ Cs Co
1.082 -0.191 0.013 -0.036 0.009 -0.042
C7/ctem Cg/em Cy/cem Cio/ crem e Chq.
-0.011 0.058 -1.254 0.223 -0.318 -0.151

J. Matias (UAB)

Table: Input parameters used to determine the SM predictions.

ALPS 2023
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