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Status of the “famous” flavor anomalies

= Courtesy: J.M., “Beyond Flavor Anomalie.s IV”, Barcelona, 2023.



Non leptonics: Pros and Cons

FCNC Non leptonic decays : loop suppressed in the SM.
Increased difficulty in controlling hadronic uncertainties w.r.t semileptonics.

Theoretical tools available to reduce uncertainties:
Compute hadronic matrix elements.
Relate to other modes using symmetry.

Ratios constructed out of BR’s: reduced sensitivity to endpoint divergences.
Identify modes with similar sensitivity to same NP: B —» K() K,

Use them to construct observables with reduced sensitivities to had. uncertainties:
_ BRps gpos P75 ASI2+|A5)2
— - - 2 _ 3.2
BRp-a gp-a f”%  |ad| +|49|

Look for modes where these effects can be clearly disentangled within uncertainties:
B->KK*"K'K.



Naive factorization: Hierarchy due to V-A structure. Dominance of longitudinal amplitudes.

QCD factorization: Transverse amps order(s) ofmA suppressed. Plagued by
b

possible mi suppressed LD effects.
b

Purely Penguin mediated processes in the SM.

Expectations: f; = 1 + 0(#) (N.F.)
b

fLBS ~ fLBd + 30% (U-spin)

17,)
A

Experiment (LHCb 2019): £;>* = 0.240 + 0.04, f,"% = 0.724 + 0.053.

QCDF predictions: f;* = 0.72+3:1%, 7% = 0.69*317. (Nucl.Phys.B 774 (2007) 64-101, M.Beneke etal).

Something interesting in the B case. NP?!



Amplitude and “A”

Ar = A(By » viVp) = 20T, + 29p, = APA, — 2PP, (unitarity).

A is free of endpoint divergences. Because:

_ A4 1 !

Tqg = Aprper (Olff — Eazf,EW + B3 + 204 — Eﬁg,EW - ,BJifEW)
_ 14 1 -

Py = Apuye (O(Z — agpw + B3 + 205 — Eﬁg,EW - IBAf,EW)

= Where, Vertex  Hard spectator Penguin
D 42 \ <
a; (MiM;) . + .
o« Xt ~ In(~—>)
> AQCD

(soft gluon spectator int, divergent, power suppressed, universal)

,Bip: Penguin annihilation, ,BEEW: Electroweak penguin annihilation

mp

x Xiwl ~ Endpoint divergence ~ In( ) (universal)

Agcp
These divergences are responsible for the model dependence of the analysis.



2 1+® |PS| +2Re( )Re@\ > CKM

1 4+ 0.3 (Naive SU(3))
0.91%2-29 (Broken SU(3))
0.92%2-22 (QCD factorization)
Dominant contribution

23718 (Naive SU(3)) —
" Exp: 4.43 + 0.92 SM: 19.2%23 (Broken SU(3)) ] | | T

19.5312:1 (QCD factorization) ° e = = 40 50

= Tension: 2. 60

= Note: Dominant uncertainties from form factors and NOT divergences. (Somewhat) reduced
model dependence.



Lgk

= Counterpart of the “L” observable for pseudoscalar final states.

BR(Bs—~K? K®)  |AS|2+|45|?
BR(B4—K°® K0 |Ad|2+|gd|2 -

" Lxg = p(mygo, myo)

= No longitudinal polarization here. m

" Form factor uncertainties less.
Translates to less uncertainties for L.

Less asymmetric w.r.t Ly g+. _I_l7 —'—|__
+3.88 '

" Exp: 14.58 + 3.37 SM: 26.00388 . s s .

KK

= Tension: 2.40

= |s there a common NP explanation?



NPinb — s

eff — Z )\ ( + C Z CisQis + C7’73Q7'ys + CSngSgs)
p c,u $=3...10
, ) 3
= (pb)v—_a(5p)v-a, Q75 = (5b)v—a ) §€<1(QQ)V+A>
q
_ _ 3
9s = (Pibj)v-a(3;pi)v-a, Qss = (5ibj)v—a Y _ ieq(QjQi>V+A:
q
_ _ _ 3
Qss = (5b)v—a Y _(qq)v-a, Qos = (5b)v—a ) _ §6q(qq V—A
q q
_ _ _ 3 ,_
Qus = (3ibj)v—a ) _ (Tj@i)v-a, Q1os = (5ibj)v—a Y 5¢a(qj%i)v-a,
q q
i = —€ L
Q55 = (8b)v-a Z (@9 v+a, Qrys = g5 M50 (1 + 75 )

Q72 = 5 My So',uu( T VS)GMVb )

Qes = (5ibj)v-a Z 4i%)V+A Qgs =



NPinb — s

= CNPrequires a 60% contribution in order to explain the anomalies. Discarded! (JHEP 07 (2019) 032:
A.Lenz, GTX).

" Lgge = 19.25 — 936.23CNP + 14383.60 CNF“+55.44CNF+ 50.53CH +.
Lix = 25.90 — 380.76CNP + 1646.11 C¥P? — 631.58 CNP + 4313, 58CNP2 +31.92C57 +

= The potential candidates for simultaneous explanation: C5 & ngs

= CNP cannot do the job because dependence is much starker for L (12 times almost).

= Origin of this is mainly attributed to the presence of the term (C¢ + %) in the pseudoscalar-
C

pseudoscalar case as compared to the vector vector case.



NP in b — s but...
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B(B; — K°K°) 107 0.40 Longitudinal B(By; — K*°K*0) [1077] 1.80
SM (QCDF) Experiment SM (QCDF) Experiment

.20 P 0.98 1.81
1.09F 52 1.21 £ 0.16 [26, 29, 30] 2.0 s 6.041 ;25

—0.20
B(B; — K°K®) [107°] 1. 60 Longitudinal B(Bs; — K*9K*0) [10~°] 0.90
SM (QCDF) Experiment SM (QCDF) Experiment

2,805 1.76 4 0.33 [26, 31, 32] 4361223 2622
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Disentangling NP

= Consider mixed modes: By ¢ » K*° K°, K*°K?° T

> BR(Bs—~K° K*° |A5|%+| AS|? = ||
= For M; = K% Lg = p(myo, Mg+o) (Beok X ) _ —
BR(B4—KOK*0) |4d|” +| 44|

SM prediction: 25.0115:23 :l—( —’_lﬁm
NP

NP dependence: 25.04 — 1201.22CYP + 15994.20CNP* + 149.47CY. S I B
+66.04C3; + L

BR(Bs—K*0 K% _ |AS|%+|A5|? 1L
BR(B4—K*9K0) o |Ad|2+|gd|2 — B
SM prediction: 21.30%7:33 ! }
NP dependence: 21.00 + 1040.25C)F + 12886.6OCNP2 — 1504.72¢cY? -

+27037.90CYP* — 26.72CHFE, +... T

= For M; = K*%: Ly = p(myo, my+o)




“Easier” observables

"= However, tagging B; modes is challenging and costly.

B BR(Bs—K°K*?) 2 s e +5.49
Ly = 2p(myo, myo) PRGBSK ORI BR(B.SKOK) — TRy Lk . SM prediction: 29.16225:.

BR(Bs—K*°K° 2Rq + .
__BR(Es ) = —2 [, . SM prediction: 17.44%83.
BR(B3—»K*9K9)+BR(B4—K°K*9)  1+Ry, :

Ly = 2p(myo, my+o0)

In the above:
__ BR(B4—K*°K?)
d ™ BR(By—KOK*0)'

SM prediction: 0.7079-39.

= And finally the easiest, with the most limited NP sensitivity:
_ BR(Bs—>K*°K°)+BR(Bs—>K°K™®)  Lg++Lx  Lg+Lg+Rg4
Lrotar = p(Myo, Mye+o) BR(B4—K*9K%)+BR(B4—KOK*®) 2 1+4Ry
SM prediction: 23.48%3:35.
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Conclusions

* Two interesting observables in the non leptonic sector: Ly+g+, Lxx

=" Maybe NP: possible in both b = sand b — d.
= Simultaneous explanations by Cj"gg.

= Further observables in a futuristic chronological order of measurement to
disentangle NP:L+,:1, Lx+, Lx, Lx+, L









Relative Error

Lges g | Ps|? | Pyl?
fre [(—0.1%, +0.1%)|(—6.8%, +7.1%)| (—6.8%, +7%)
Al | (—22%, +32%) — (—24%, +28%)

AP | (—28%, +33%) | (—28%, +33%) —
A, |(—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%)
Xu [(—0.2%,+0.2%)|(—1.8%, +1.8%)|(—1.6%, +1.6%)
Xa [(—4.3%,4+4.4%)| (-=17%,+19%) | (—13%, +14%)

k |(—1.4%,4+2.2%) — —
Others|(—1.3%, +1.1%) [(—2.7%,+2.5%) | (—1.6%, +1.6%)

Table 2. Error budget of L. . and | Py 4|*. The relative error of each theoretical input is obtained
by varying them individually. The main sources of uncertainty are the form factors, followed by
weak annihilation at a significantly smaller level.



By . Distribution Amplitudes (at g = 1 GeV) [38, 39]

Ap, [GeV]

AB, /AR,

aop

0.383 £ 0.153

.19+ 0.14

1.4+ 0.4

K* Distribution Amplitudes (at p = 2 GeV) [40]

u-f" )

NG
011

e
-f.‘tg

K~
@91

0.02 £ 0.02

0.03 £0.03

0.08 £+ 0.06

0.08 £ 0.06

K Distribution Amplitudes (at g = 2 GeV) [41]

x |K

alf

0.0525731

+15
0.106° 1

Decay Constants for B mesons (at g = 2 GeV) [42]

fﬂg_

IB./fBy

0.190 = 0.0013

1.209 £ 0.005

Decay Constants for Kaons (at g = 2 GeV) [24, 43, 44|

Ik

e

f;?-;’fh’-

0.1557 £ 0.0003

0.204 £ 0.007

0.712 £0.012

By s — K* form factors [44] and B-meson lifetimes (ps)

A (> = 0)

Agd(q® =0)

TR,

TH,

0.314 £ 0.048

0.356 = 0.046

1.519 = 0.004

1.515 £ 0.004

By — K [45] and By — K [46] form factors

fo*(@>=0)

fo(q® = 0)

0.336 £ 0.023

0.332 £ 0.012

Wolfenstein parameters [47]

A

]

U

005
014

ooy

0.82357

U005
0.22484 75 G0006

0.15607 ) 0002

0.0079
0.34997 hoee

QCD scale and masses [GeV]

(1) /M, mpg, mp, M= Aqep
4.2 4.5377 £ 0.008 5.280 5.367 0.802 0.225
SM Wilson Coefficients (at p = 4.2 GeV)
4 (65} Ca Cy C: Ce
1.082 -0.191 0.013 -0.036 0.009 -0.042
Cr .n"F Qem CHf‘-’-"cm Co ,.f'rﬂ'c.-m i []_I'rﬂ'c:m c‘?—? C§ g
-0.011 0.058 -1.254 0.223 -0.318 -0.151
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o coefficients — a; seng

C;
&?(Mle) = (Oz' + %) Ni(Mz)
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Figure 1: Vertex diagrams.
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Figure 2: Penguin diagrams.
a1 Va T2

=1 u :

=] =)
B c v g

= Pz =)

Figure 3: Hard spectator diagrams.
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Figure 4: Annihilation diagrams.



Main caveat:

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