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Intro

X Common strategy: Measure weak interactions processes to high
precision and compare exp to robust/accurate theoretical

predictions in order to either fix CKM or to extract couplings to
BSM physics

X Nonperturbative QCD stands on the way.
LQCD tremendous progress but B = D*f» still problematic (3pt fns)

X ¢ sty good testing ground [excellent results from BESIII + best

environment for LQCD]
W= | 7

cf. also Bolognani et al 2407.06145




Extracting parameters

Decay | . CKM/NP| | Hadronic
rate = Kinematics coupling | | quantities

Experiments: Nonperturbative
NA62, KOTO QCD
BESIII, LHCb Lattice QCD or

LHC Belle-II Models, QCDSR, LCSR...



Only one slide on LQCD

L=~ Te[Fu "] + S°7 (@) (i = my) (@)

f=1 |
D =" [0, — igA (),
@ ® ® ® ®
U, X  Regularized QCD - path integral
® ° o—>—o ® GF & MC methods (stat. errors)
o R ® ® X  Systematics (finite spacing, volume etc)
Y(z) are difficult but can be and are handled
a
? ? * PTIE X  Ab initio means NO additional
parameter is introduced apart from
® ® ® ® ® those in the original Lagrangian
E >

(coupling and quark masses)
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Only one slide on LQCD

1

L=~ Tr[FuF"] + L Us(z) (i) — my) Yy(x)

Regularized QCD - path integral
GF & MC methods (stat. errors)

Systematics (finite spacing, volume

etc) are difficult but can be and are
handled

Ab initio means NO additional
parameter is introduced apart from
those in the original Lagrangian
(coupling and quark masses)

f=1

X

D= 0, — 1gA,(T)]

Not everything can be computed
precisely on the lattice [if requiring
high precision it becomes
increasingly difficult].

Numerical answers.
Need analytic approaches to

interpret or learn from LQCD
results!



CKM Unitarity - Vs

X  From the global fits:

V|V HE = 0.9735(2)

C S

S

|‘/CS |CKMﬁtter — 09735(1)

X Possible checks thanks to charm factory at BESIII

X Leptonic modes are the best suited: QCD ‘simple’ for lattices

X Recent updates (BESIII - 2023):

B(Ds — pv) = 5.29(14) x 107°

B(Ds — tv) = 5.44(21)%

BESIII, 2303.12600

T—TV

)

BESIII, 2307.14585

5.34(19)%

T—> Vv
BESIII, 2303.12468



Checking on Vs

X From the global fits:

V|V 1 = 0.9735(2)

X Hadronic matrix element

Ne=2+1+1

Ni=2+1

AG2024  Tp

|‘/CS |CKMﬁtter — 09735(1)

(0|évuyss|Ds(p)) = ifD.PU

our average for N,=2+1

RQCD/ALPHA 24
ALPHA 23

YQCD 20A
RBC/UKQCD 17
YQCD 14
HPQCD 12A

|  FNAL/MILC 11

H—{——PACS-CS 11

fb.
our average for N,=2+1+1
ETM 21
FNAL/MILC 17
FNAL/MILC 14A
ETM 14E
ETM 13F
FNAL/MILC 13
FNAL/MILC 12B
HZ%
——
HH

L H HPQCD 10A -
HH HPQCD/UKQCD 07 N
H H FNAL/MILC 05 —
180 200 220 240 230 250 270

MeV

st = 249.9(5) MeV
0.2%!

FLAG rev, 2411.04268



Checking on Vs

X From the global fits:

V|V = 0.9735(2) V| CEMEtter — 0.9735(1)

X Hadronic matrix element

FaG2024  Tp fp.
our average for N;=2+41+1 |‘/;8|“ — 0‘967(13)
n ETM 21
T FNAL/MILC 17
h FNAL/MILC 14A -
4 ETM 14E 1 —
- —— ETM 13F |‘/CS| T 0993(20)
FNAL/MILC 13
FNAL/MILC 12B
our average for Ne=2+1 To __
RQCD/ALPHA 24 |‘/CS| o 0984(20)
ALPHA 23
- | xQCD 20A
cﬁ Tt RSE{DUISCD 17 Watch out - soft photons!
Z ny HPOCD 124 . cf. Frezzotti et al 2306.05904
H+——— FNAL/MILC 11 ——
H—[—HPACS-CS 11 HH
L HPQCD 10A -
HH HPQCD/UKQCD 07 o Cannot match the UT precision
H H FNAL/MILC 05 — . . . .
. . . . — unless using detailed semileptonics
180 200 220 240 230 250 270

(0|cvuyss|Ds(p)) = ifp.DY

MeV



EFT c— sty

Leﬁ‘ = —2\/§GFVCS [ (1 - gf/-L) (ELWMCL) (ZL’}'“I/L) -+ gf/R (gR’YuCR) (ZL’}/“I/L)

+9§L (SrcL) (ZRVL) + gféR (5LcRr) (ZRVL) + g4 (srOwcCL) (ZRJ‘“’VL)] + h.c.



exp

CKMU

LQCD

77




Semileptonics - mesons

X Mesons:
D — Ktv: (K(k)|eyus|D(p)) < f+(a%), fo(a®) (K (k)|eyuvss|D(p)) =0 (K (k)|eouws|D(p)) o fr(g”)

D — K*v: (K*(k)|V.D(p)) < V(g®) (K*(k)ALD(p)) x A1(q?), Az(q?), Ao(q?)

(K*(k)|Tuw|D(p)) o< T1(q7), T2(q%), T5(q%)

and similarly for Ds = ¢£v

X Pseudoscalar in the final state - easier for lattices

X We focus on the electron modes [more precise]
LFUV tests (u/e) successful so far (cf. PDG)

or recent BESIII 2306.02624 v 2207.14149



Semileptonics - mesons (LQCD)

X Mesons:

D — Ktv: (K(k)[evus|D(p)) o« f+(a*), fo(a*) (K (k)[euvss|D(p)) =0 (K (k)|couws|D(p)) < fr(q®)

1.6
. ETMC f+(a?) 1.4 W8 ETMC
W FNAL/MILC QN f(g?) W FNAL/MILC
| 4| === HPQCD 1.31 mmm HPQCD

0.00 025 050 075 100 125 150 1.75 0.00 025 050 075 100 125 150 1.75
¢ [GeV] ¢ [GeV]
ETMC, 1706.03017 ETMC, 1803.04807

FNAL/MILC, 2212.12648 FNAL/MILC, 2212.12648
HPQCD, 2204.09883 HPQCD, 2207.12468




1.6

1.4 1

— 1.2-

filq

1.0 1

0.8 -

0.00

Semileptonics - mesons (LQCD)

X Mesons:

D — Klv:
B ETMC f+(?)
I FNAL/MILC OO0 fo(q2)
s HPQCD

025  0.50

0.75 1.00 1.25 150 1.75

q¢° [GeV]

07 BN HPQCD

(K (k)[eyus|D(p)) o« f+(a®), fo(a®) (K (k)[evuyss|D(p)) =0 (K (k)leowws|D(p)) < fr(q°)

1 mmm ETMC
me FNAL/MILC

0.75 1.00 1.25 150 175

q¢° [GeV]

025  0.50

More work needed to understand the differences (lattice artefacts)



Semileptonics - mesons (LQCD)

X Mesons:

Dy — olv .
1.6
Ay(q) ——
1.4 A\%qug _ :
‘ q
Ag@) ——
o -
0.8 // i
: IGic 3
0.6 ﬁ%@ .
0.4 | %%]
02
0 | | | | | | | | |
01 0 01 02 03 04 05 06 07 08

(@(k)|Vu|Ds(p)) x V(%)  (p(k)|AulDs(p)) ox A1(q?), A2(q7), Ao(q?)

(¢(k)|Tuw|Ds(p)) o Ti(q?), To(q%), T5(q°)

q* (GeV?)

0.9

Only one LQCD computation

- Only 2 kinematical situations

- This mode can be very useful!
BESIII, 2307.03024

HPQCD, 1311.6669



Semileptonics - experiment (ang. distr.)

d’Iy’ Ne( 2\ phe( 2 Ao 2\ o2
= a)"(q") + b\"(q") cos O + c,“(¢”) cos” 0
dg?d cos 6 ‘

'

Functions of kinematic variables, q2-dependent form factors and NP couplings

- 3 observables even for PS meson in the final state (can this be done exply?)
- using secondary decay of V meson in the final state (bunch of observables)

- baryons very useful too

Ao — My (AK)|Vu|Ac(p) o« f1(a?), f+(a%), fo(a®) (A(K)|AulAc(p)) x 91(q%),9+(a%), 90(q?)

(AR)| Tl Ae()) o hi(a%), i (4%), ho(a%), hi(a%), i ()

A detailed lattice study: Meinel 1611.09696



BESII  Ac— A(—p7) ev

d41’\)\g
dg2d cos 0d cos O d¢

=AM + A2 cosOp + [ B + B cosOy | cosO+ [ C1 + O cos by | cos? 6
1 2 1 2 1 2

1
+ (Dé\e sin 0 cos ¢ + Di‘f sin @ sin qb) sin 6 + 5 (nge sin 0 cos ¢ + Ei‘e sin 0 sin (b) sin 26

Invert the angular coefficients [exp] to extract the FF and compare to LQCD

BESIII 2207.14149



BESII  Ac— A(—=p7) ev

d41"/\g
dg2d cos 0d cos O d¢

— A 4 A)’ cosOp + (Bf‘” + B)* cos OA) cos 6 + (C’l)“Z + C* cos 9A> cos” @

1
+ (D;‘f sin 0 cos ¢ + Di‘e sin @ sin qb) sin 6 + 5 (Eg“ sin 0 cos ¢ + Ei“’ sin 0 sin qb) sin 260

Invert the angular coefficients to extract the FF and compare to LQCD

wem BESII w BESII
3.0 mmm LQCD mm LQCD

[Ac — A6+l/e]

02 04 06 08 10 12 02 04 06 08 10 12
7 GeV] TGVl BESII 2207.14149
Meinel 1611.09696



BESIII

Ac—= A(2p7) ev

3.0 1

e BESII
B LQCD

0.90 1
0.85 1
0.80 1
_0.751

&
2 0.70 -

0.65

0.60

0.55

o BESIII
m LQCD

1.6 -
[ BESIII
s LQCD
1.4-
1.2-
& 1.0
S
Ny
0.8-
0.6
0.4
[Ac—>Ae+Ve]
02 04 06 08 1.0 1.2
¢* [GeV]
0901 o BESITI
s LQCD

0.2

0.4

0.6 0.8
¢* [GeV]

1.0

1.2




In terms of Ac— A(—p7x) ev observables

dB(q?) X 2 ,Cie(qz)
dg? ZZTAcZ ay'(¢”)

M L 3 _
x 1072
s SM x
0.0] == BESII [AC—>Aeue]
02 04 06 08 1.0 1.2
¢* [GeV]
d2ry¢ A

= a3 (¢%) + b3 (¢°) cos 0 + ¢ (¢?) cos? 6

dg?d cos 0



In terms of Ac— A(—p7x) ev observables

x1073

1 mmm SM
wew BESIII (Ac — Aev]

02 04 06 08 1.0
q* [GeV]

1.2

d?ry’

dg?d cos 0

= ai‘e (¢*) + bie (¢°) cos 6 + cie (¢*) cos* 0



In terms of Ac— A(—p7x) ev observables

x1073

dDs/dg? [GeV—2]

. SM
— 144 == BESIII Ae = A(— pr) ev,

0.2 0.4 06 08 1.0 1.2
¢* [GeV]

NB: No info on g?-binned data! Only on the same [correlated] parameters of the FF
parametrization used in the LQCD paper [1611.09696]

Integrated characteristics quite consistent with SM...



One interesting case...

—0.16 -

—0.18 -

—0.20 ~

<2 —0.22 1

—0.24 1

—0.26 -

—0.28- e SM
(¢ € [m2, 2,0, e BESII

_030 I I I T T T
0.032 0.034 0.036 0.038 0.040 0.042

B(A. — Aev)



Try and feed in NP contributions

Include mesons too (where info on binned distribution is available)...

x10~1 x10~1
A |

A, — Aev, A, — Aev,
2 - B(D — Kev) 2 1 B(D — Kev)
B(Ds; — ev) B(Ds — ev)
14 B(Ds — ¢ev) 1 - B(Ds — ¢ev)

dB (D — Kev) /dg? dB (D — Kev) /dg?

e
9v,

Checking on the presence of coupling to RH current



Try and feed in NP contributions

x10~1 %101

4- A. — Aev, n B A - Aer,
B(D — Kev) e B(D — Kev)
B(Ds — ev) W B(Dg — ev)

2 - B(Ds — ¢ev) 2 1 B(Ds — ¢ev)
dB (D — Kev) /dg? dB (D — Kev) /dg?

Qﬁg O Q)& O
—9 4 — 924
—47 ~*|(FNAL/MILC)
—2 1 0 1 2 2 1 0 1 2
-1 -1
gs, x10 9, x 10

Notice the benefit of the binned distribution in D =+ Kev <(dB/dq?

In the scenarios with S| or Ry SLQ

Anp—2 GeV
9s;, = 4 gr > gs, ~ £11.2 gr




LHC window to high-pr tails of-...

o(pp — lv) = /o dxy dxy fs(x1, @) fo(Te, n)o(5c — Lv) + (5 > ¢

So stringent for £=e that reconsidering K-factor becomes indispensable

Camalich et al 2003.12421, Allwicher et al 2207.10714

137/fb of LHC data

X].O_l X10—2

y 4 2.0
A — Aev, Bl A Aev,
2 B(D — Kev) L57 mm D) decays
B(Ds — ev) Lol % LHC
1 - B (DS — ¢€V) .
dB (D — Kev) /dq¢? 0.5
[N
cug 0 v 0.0
—0.5 1
_1-
—1.01
—94 —1.5-
3 . ETMC
4 9 0 9 A 6 o —1.0 —0.5 0.0 0.5 1.010 1
—1 € x10™
g‘C}R x10 gVR



LHC window to high-pr tails of-...

o(pp — lv) = /0 dxy dxy fs(x1, @) fo(Te, n)o(5c — Lv) + (5 <> ¢

So stringent for £=e that reconsidering K-factor becomes indispensable

Camalich et al 2003.12421, Allwicher et al 2207.10714

x10~1 0.100
4- A. — Aev, 0075 B A= Aeve
B(D — Kev) ' B Dy decays
B(Ds; — ev) 0.050 1 = LHC
2 - B (Ds — ¢ev)
dB (D — Kev) /dg? 0.025

S 0.000
~0.025
—0.050

—0.075

: : . : —0100 1 T T T T 1
9 1 0 ) ; 20 -15 -10 —05 00 05 10 15 20
gg’ x10~1 ggL x1072
L



CONCLUDPING REMARIKS 1

Testing the strategy to extract NP couplings from low energy data

LQCD control over the SL meson form factors is not fully satisfactory

Another LQCD estimates of Ds— ¢ £v and Ac— A {v form factors needed

Exp info on the g2-binned distributions of angular observables would be

very welcome too

LHC info on high-pr tails of DY lead to very stringent constraints on NP
couplings

K-factor should be scrutinized but even if K=2, there is very little room for NP

in channels with e or u« in the final state
If there are no NP contributions to ¢ = s ev or they are indeed tiny, this is

becoming a LQCD laboratory: form factor normalizations and shapes

That could be an important 1st step to solving the B—= D* £ v form factor

[LQCD] ambiguity/problem/discrepancy



0.3

0.25

0.2

LFUV oo -

B(B — DY rv)

B(B — D)

A

Moriond 2024

LHCb"

llell

" 68% CL tontours

BaBar

LHCb also studied B, — J/9lv
R > R
LHCb again Ay — A v
RLHCb 5 Rexp

LQCD good for Rp, problems with Rp-

Assuming NP couples only to 7 we can

use exp-ly determined form factors



(Dleyub|B) o« f+(a%), fola®)

- =+ NRQCD [1703.09728]
L2} | _.. 1906.00701

L1}

1.0}

0.91

0.8}

0.7}

0.6

) 0 2 1 G 8 10

* 2 lattice results agree in the continuum limit
* Going from high to low g2s facilitated by constraint fo(0)=f+(0)
* Only one (staggered) lattice regularization/discretization of QCD

12



Intermezzo: on the shapes of FFs

Slightly heavy/messy a story (esp. for vector meson in the final state):

|. Matrix elements in terms of form factors ¢* =mp+mp. — 2mpmp: w
V(g?), Ai20(q?)  or  f(q%),8(q°), Fi(q?), F2(q?)  or  hv(w), haia2a3(W)

2. Instead of g2 one may use conformal mapping onto the disc |z(g%)| < |, and

expand form factors in powers of z, with analiticity/unitarity (dispersion relations)

helping to tame the error due to truncation of the series. Good for interpolation

of the data, not that much for extrapolation, cf. 4.

2

/ 1+2 2
4 1—2z
my.
b L,




Intermezzo: on the shapes of FFs

2\ __ 1 — . > 2
Ha)= P(z<qz>>czsf<z<c.z2>>Z &)

n
n=0 _
\ Fixed by the data,
exp or LQCD

H 2(q z(mf) [QCD dynamical info!]

4. Need to model nonetheless b/c P(z) sent poles onto the circle (branch cuts
not controlled anyway!) and the physical info is "lost’. In heavy-to-light the pole is
explicitly factored out and then z-expansion applied (BCL).

N

1 -~ n
an, z(q2)

1 —q%/m?

F(q°) =

poen 0

5. One might as well expanded in g?/AZ, or model differently... sigh!



(D[, (1 —5)b|B) o< V(¢%), A1,2,0(¢%) o< F(w). ..

0.0014
Fermilab/MILC
Belle untagged
0.0012 .| Babar
' ¢ Fermilab/MILC
4 Belle untagged e~
4 Belle untagged -
0.0010 ¢ BaBar synthetic
B
S 0.0008
o~
S
S
&
0.0006
0.0004
[FNAL/MILC, 2105.14019]
0.0002

1.0 1.1 1.2 1.3 1.4 1.5




(D*|eu(1 —5)b|B) o< V(¢*), Ar2,0(¢%) o< F(w). ..

[HPQCD, 2304.03137]

—— HPQCD B — D*lp,
+ Belle B" - D* ey,
+ Belle B —» D* uty,

1.0

1.1

1.2

1.3 1.4 1.5
w

w -1)""dl [ aw x 10" [GeV]

[
(a)

W

[JLQCD, 2306.05657]

1 I 1 | | | | 1 1 | 1 |

T I T
— JLQCD 23
+ Belle

10

11 12 13

14

1.5



(D%eyu(1 = 75)blB) o V(¢2), A1p0(¢) o Flw)...

1.6
HPQCD B % D*KDZ T T T T l T T T T T T T T l T T T T l T T T T
1.4 <+  Belle B = D*ety, — — JLQCD 23
+ Belle B — D5y, % h . + Belle
O
2 + 10
3 N
3 R
8 % R
5 W
0.6 =
: 5 ™ :
0.4 o b
= [JLQCD, 2306.05657]
0-2 1 1 1 1 I | 1 1 1 | 1 1 1 | | | 1 1 1 I 1 1 1 1
[HPQCD, 2304.03137] 10 11 12 13 14 15
w
0.0 11 1.9 1.3 1.4 15
W

* Two different discretisation procedure - different results in continuum

* Vb extraction - (not a) problem

* We can use exp info on angular distribution and convert them to FFs...
which is what we do... cf. 2404.16772



CLN or BGL or...

dw 4873

dT'(B — D*/~ v G2m3,,
( Q) _ GEMbr (1 ) () F2(w)] Vi 2

r = mp«/Mmp

hay(w) = ha,(1)[1—8p%2 + (5?3‘@2 —15)2° — (231p° — 91)2”]

Ri(w) = Ri(1)=0.12(w—1)+0.05(w —1)* CLN 9712417
Ry(w) = Ry(1)+0.11(w —1) —0.06(w — 1)* BGL 9705252
s these should be fit too
CVw+1-+v2 and not fixed as in CLN
CVwt+1+v2

X  Exp data fit very well with CLN, but eventually [with ever better precision]
BGL should be the ultimate choice, if you decide to follow this route...



SM and if NP affects only decays to 7v...

a. Use HFLAV results [2206.07501]
p® =1.121(24), R;(1)=1.269(26), Ry(1)=0.853(17)

. 3 q° Ao(q%) A(0) 1 A5(0)
b. With Ry(w) = [1 — (mp + mD*)2] A(P) and 2,00 2mp. lmB +mp~ — (mp — mD*)Al(O)]
we have  Ro(wWma) = mBQ;Z;”D* _ mBZ;;”D* Ro(wmae) = 1.087(14),

2
and from LQCD we only take  Ry(1) = dmpmp  Ao(Ginax) = 1.087(26)

(mB T mD*)2 Al (qgnax)

— Ro(w) =1.09 — 0.16(w — 1)

c. We get:
RD'=0247(2) < R3P =0.285(12)



Scalar Leptoquarks in Rp+)
Can any scalar leptoquark, with a minimalistic set of Yukawa couplings, pass Rp and Rp- test ?

Lo sery = —2\/§GFVcb[ (1 + gv,) (eY*br) (Tryuvrr) + gvy (CrY bR) (TLYuVrL)

S bt + gs;, (CrbL) (TrVrL) + gr (CRO*bL) (TROWV-L) +
w i = T §5R (ELbR>(7__LNR) +E(ELOHVZ)R) (7_'L(7M,,NR>] + h.c.
' c ‘ “17 T
SM LQs LQ - (SU(3),, SU(2), , U(1)y)
R2 =(3,2,7/6)

Previously [2103.12504] OK
Uy =(3,1,2/3) : gy
Ry = (3,2,7/6) : gs, = 4gr Si=(3,1,1/3)
S1=(3,1,1/3) : gs, = —4gr,9v

R, = (3,2,1/6)

cf. 2404.16772



S-|= (3,1 ,1/3)

Weak singlet S, - electric charge 1/3.
Interaction with quark/lepton both being weak doublets, or weak singlets

Ls, =y VEuSPy1)S1 —yo (bCPLv,.) St + yZ (cCPr7) S1 + h.c.

Minimal setting 00 0 00 0
yr=100 0 |, yr = | 00 yg¥
00y 00 0

0.3

2 br (2
G v: Vo lyp .
Vi — ).
g e
&~
: S
gSL (772/51) g _4V 2 o0
b Mg, | 00
|
gs, (mp) = —8.8 x gp(my) ¢ 0.1
=
-0.2
0.3
Cf 240416772 -03 -02 -01 00

qgvi



And then what?

B(B, — 1v)> , i 0
' — € |1.13,1.43], B(B, — )™ = (2.24 + 0.07)% i
B(B. — Tv)>¥ el L
Contributionto b — strorb — sv,v,
8§ o Vis C> Vivyy L
. B(B, — 77)"! B(B — K77)
" s, ( )SM € [0.73,0.98], D )SM e [0.73,0.98]
; DD 1) B(B — Kt1)>¥
o l: b:”_» b
YL .
b — svv; Ct = (9.3 +0.47) x 1072 |y¥7|2
o wJgl N (imaginary part comes from the fermions being on the mass shell
E uf :‘/iby%r* |n the Ioop) B(B N K(*)I/V)Sl 6081 2
| : . L
S s BB = K™ ‘1 + 3 osm oo © [1.001,1.02] (@20)
IFIZ,)*/FLD*’ISM | | PTLI)*/PTD*,sM | I A??/A??’SM
LHCb —o—l—
Belle II . ,
i : D
S ° ° ——
ne

06 08 10 12 14 00: 05 10 15 0.7 0.8 0.9 1.0 1.1



. B — KO¢g¢-

Sensitive to new physics effects.

Experimentally clean (especially for ¢ = m/
Many observables (angular distribution). J
Theoretically challenging (non-factorizable x

contributions...)

§ = kyr

B — Kuvv is (not) better...

.B— KOup:

Sensitive to new physics effects.V
Exp. more challenging (missing energy):
Fewer observables.

- Theoretically cleaner!s/
- Sensitive to operators with T-Ieptonsv

= B~ kw

Courtesy of O. Sumensari



B — Kuvv in the SM

Effective Hamiltonian within the SM:

4G A ozem
£b—>sw/ . F t ZC SL’Y,u,bL (VLz'V'uVLz)_FhC

At Vitht
Short-distance contributions know‘ry{ good precision:

M . 9 Including NLO QCD and two-loop EW contributions:
CL —_ _Xt/ S111 QW

Two main sources of uncertainties:

i) Hadronic matrix-element: ' i) CKM matrix:
v

(KW[sy"bp|B) = > 1 Fulq”)
: T VisVis| = [Ves| (1 + O(3?))

From CKM unitarity:

Form-factors (e.g., LQCD) Which value to take (incl. vs. excl.)?

Courtesy of O. Sumensatri



Form-factors: B — Kvi

. Lattice QCD data available at nonzero recoil (g° # qr%lax) for all form-factors:

_ 2 2
(K (k)[s7"b|B(p)) f+(q%) fola”)
with 1 (0) = fo(0) Only form-factor needed for B — Kuu!
- We update the FLAG average by combining results with
| —— /4 OurFit 2o Jdof. ~9.2/10 —
0.6—— fo Our Fit I IS
I X
- f. FLAG ‘21 =
—————— fo FLAG ‘21 E
A2 0.5F= f, HPQCD 22 7§
= ; <
S [ feMICIS N
N% 041 -
| 3
| T
0.3- < Ul
4 r 0.2 i—\\ §§§§§§ UdB/dB Our Fit
0.15- e
01 =TT Flag 21
/ | | | O | 0.0 e
. 0 5 10 15 20 0 5) 10 15 20
Pole factor: ¢ [Ge\/z] e [Ge\/Q]

cf. 2301.06990



[NEW] Belle-ll results

B(BtT — K vp)®P = [2.4 £ 0.5(stat) " (syst)] x 107°

~ 30 above the SM prediction

B(B* — K*vo)®™ = 4.4(3) x 107°

R\ =544 15

Use EFT to see how we can accommodate this result.



EFT for b — svi

Low-energy EFT:

Lb—)sw/ _ 4GF)‘75 Ulem Z [ 1/@1/3
V2 27

ij

Complementarity of B — Kvv and B — K*ui :

B(B — K*u?) x 10°
DO

cf. 2309.02246 0 5 10 15 20

B (B — Kvv) x

25 30 35 40
10°



SMEFT for b — svv (and b — s£¢)

w* operators invariant under SU(2) X U(l)y:

[Ol(;) ’L]k‘l )(@kﬁﬂu@l)
[Ol(j)- ijkl Liy'r' L )(QkT VMQl)

Correlations for concrete mediators:
7' ~(1,1,0): o) 40, @Y =0

V ~(1,3,0) e =0, ©F+£n
Ul ~ (37 ]-7 2/.3) C‘l(ql) _Cl(j)

Ss ~ (3,3,1/3) Ciy) =3C;;

(SUB)e, SU2)L, U(1)y)

b — st/ b — svi

[Ol(ql)]ijkl - (ZWMLJ) (Gk’yﬂQl)
= (ZLNWLJ') (3Lk%sz) + (7Li’7MVLj) (ELIC%,dLO +

[0(3 ] ijkl = (L7 L;) (Quu™' Q1)
= (ELi7 ij) (de%dLl) — <7Li’Y“VLj) (auc%du) -+
[Oldijl = (Ly"L;) (dryuds)

= (ZL{Y’%L;’) (ERIC%CZRZ) + (7Li’Y”VLj) (ERIC%dRz)

§/
X
¥

N
/N

~ (5 TeV)™?



SMEFT for b — svv (and b — s£¢)

1//4 operators invariant under SU(2) X U(1)y: b — st/ b — svv
[01) 0 = (7" L) (@i @) 0] = (0" L3) @)
_ = (ELNWLJ') (3Lk%dLl) + (WLNMVLJ') (ELIC%,dLO +
[Ol(j)- ijkl Loyt L; )(QkT VMQl)

[0(3 ] ijkl = (L7 L;) (Quu™' Q1)
= (ng'”Y ij) (de’YudLl) — (VL[Y“VLJ') (auc%du) +
[Old]ijkz = (Ly"L;) (dryuds)

= (ZLi/Y,uéLj) (ERWMCZRZ) + (7Lﬂ”VLj) (ERIC%dRz)

Which flavor?

X

) Couplings to muons are tightly constrained by SB(B, — up).
II) LFV couplings are constrained by searches for (B, — z,”ifj) and B(B — K(*)fl-fj). X

1) The only viable option is coupling to 7’s (due to weak exp. limits on b — STT).V

experimentall
= Predictions: B(Bs — 77) B(B— K®rr) . P y

Y

B(Bs — 77)M © B(B — K®)r7)SM challenging

Other way to go is through neutrinos, cf. 2404.17440



Can we figure out a
scenario which would
simultaneously

accommodate Rp® and Rx’"?



* Let us introduce a RH neutrino(s) and study RR operators

Leff D) Lb—)c*rNR 'y Lb—>sNRNR

= — V2GF Crr(ey.Prb) (7Y PrNg) — V2GrCrr(5v,.Prb) (Npy* PRNE) + h.c.

* No interference with SM.

B(B — DWrinv’) = B(B — DWr)™ 4+ B(B — D™ Np)
B(B = K%4nv’) = B(B - K®Wvo)™ + B(B - K® NzNg)

cf. 2410.23257




* Let us introduce a RH neutrino(s) and study RR operators

Eeﬁ' D) Lb—)c*rNR 'y Lb—>3NRNR

= — V2GF Crr(ey.Prb) (7Y PrNg) — V2GrCrr(5v,.Prb) (Npy* PRNE) + h.c.

* No interference with SM

 Nr can be massless or massive

R R ‘inv’/ _
D) — 1+ |CRR‘2a'D(*)(mNR) : K (%) =1 + |CRR| bD(* (mNR)

0.0 0.2 4 0.6 \08 1.0

mn, |GeV]  2403.13887




* Scenario for both...

Leff D) Lb—>c'rNR 4+ £b—>sNRNR

\/§GF CRR(E'YMPRb) (7_"}’“PRNR) — \/iGpaRR(EWMPRb) (NR’}’“PRNR) + h.c.

[ ] [ ] 4
* Predictions o o\
/Q S \G
74 //Q- 4
© @
Quantity SM Case 1. Case 2. Case 3. — P — e 3
uantvity ase 1. ase 4. ase o.
ICrr| x 10 - 1.6(2)  2.0(2) 3.1(4) ) 5RR| «10° | — | 1.1(2) 1.2(2) 1.3(2)
Ap 0.360(0) | 0.360(0) 0.341(4) 0.329(4) Riny i |BgLiE EBLT4 10413
AR™  |-0.06(1)| —0.06(1) —0.06(1) —0.06(1) FE 0.48(7)| 0.47(7)  0.47(7) 0.47(7)
PP 0.325(3) | 0.25(2) 0.26(2) 0.28(1) B(B, - inv))| 0 0  (9+3)x10~7 (3+1) x 10~
PP"  |-0.51(2)| —0.39(4) —0.41(3) —0.43(3) R 1 [53+14 54414 5.5+ 1.4
FpP” 0.46(1) | 0.46(1) 0.46(1) 0.45(1)
Rp, 1 1.17(10) 1.29(13) 1.63(31)
Ry/y  |0.258(4) [0.296(10) 0.292(10) 0.277(7)




Concrete Model (S))

£eff D) Lb—>c'rNR 4+ Lb—>sNRNR

= — V2Gr Crp(ey,Prb) (77" PrNR) — V2GrCri(57,Prb) (Nry" PrNR) + hc.

* Scalar LQ
LD yfr EPRT S1 -|—ny S_CPRNR Sl—l—ny FPRNR S1-+h.c.

2
v —~ ’U2
Crr = iyl 8. R« R
2 Jder JON RR —
4mS Zm% YsNUpN

cf. 2410.23257




Concrete Model (S))

2
C . % Rx R
RR — A 5 Yer YbN
mS

o ol
_ a
2
L / J
3.0t v -
' y 5
y/ S|
2.5¢ -
_ A\
SJe =8
D _ 80
20! =
L /T) i
=i
L / 9
1-5_- my, =0 GeV ‘]
mNRzlGeV :\
- y
o, . ..

LD yfT EPRT Sl—l-ny S_CPRNR S —|—ny b_CPRNR S1+h.c.

'®; L v Rx R
RR = 92 YsNYvN
mg
350 om0
' my, = 0 GeV
30! my, = 1 GeV
25/ Exclude v b—ctNg (my, =1 GeV)
L \
i |
o)
20¢ \ A
15} \ L
L v Vi ///X\\/// 7 ]
EXCludedKKbyT Ng (m NR\\}S% A
wof, . S lr |
0.00 0.05 0.10 0.15 0.20
R
YsN



Cs

1

Concrete Model (S))

L > yR cPr7 S1+yl sCPrNg S1+yi b°PrNg S1+h.c.

AmBS — (1 | 051 ) Am%ll/l

2
R% _ R |2 .

i v v ‘CRR‘ Mg VU R+ R
25627 mg  64mIN} v?




Concrete Model (S))

LD Z/éz.EEEJFﬁRfT'fgl'ﬁ-ZlﬁgvrE;EJFﬁRpPng,5;1'4-Z/£§V-Z;;lj}leJj{lf;l'+-}1.CL

AmBS:<1' Cs: )Am

s,V B, fs,\/ Bp, FraG2024
;t 1 FLAG average for 24+ 1+1 HH
N
= - HPQCD 19A L
. - FLAG average for  :2+1 -
exp —1
Am = 17.765 (6) PS e FNAL/MILC 16 -
' & 1+ lm 1 RBC/UKQCD 14A , -
Il
= ——1+— FNAL/MILC 11 A ——
L -+ HPQCD 09 —+—h
HPQCD 06A |——[|]—<
~ - FLAG average N¢=. —
Il
zZ
- ETM 13B -

180 220 260 220 260 300 MeV



CONCLUDING REMARKS 2

Hadronic uncertainties are a major obstacle to interpreting the potential
deviations between the measured and predicted (in SM) quantities.

In scenarios with NP affecting only decays to 3rd generation leptons we can
combine the experimental info on angular distribution with minimal lattice input

and find 30 difference between the SM value and the exp WA of Rp-.

Can we have the partial decay widths i.e. binned Rp and/or Rp+?
Interpreting Rp and Rp* in terms of NP with a minimal SLQ setup is possible by
using S|, and to a lesser extent R2.

If one wants to accommodate both Rpi and Rc™ we find that the RR-operators

with an additional RH neutral lepton could do the job.A concrete model of such

a scenario is again S| which can be tested either via Rkx" or through Bs-mixing

for which the LQCD estimate of the HME is needed.



Which CKM value? A = ViV

Using available b — cfv

data:
(41.4 4+ 0.8, (B — X Iv)
[Ae| x 10° = £ 39.3 £ 1.0, (B — DIv)
137.8+0.7, (B — D*Ip)
... to be compared to CKM global fits: ct. also [Martinelli et al. "21]
Me|lurae = (41.4 £+ 0.5) x 1072 M\¢|crmaster = (40.5 +0.3) x 1072

. Alternative strategy: to use Amp, < f3 Bg, | \|*

. [419+10, (Ny=2+1+1) fo.\/Bp, =256 6 MeV  (Np=2+1+1)
‘)\t‘X]_O:
39.2+ 1.1, (N; =2+ 1) :
! fB.\/ Bp, =274 £ 8 MeV (N;=2+1)

There is no a clear answer to this ambiguity so far.
Courtesy of O. Sumensari



