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PLAN OF THE TALK

General introduction to the
Unitary Triangle Fit

SM Analysis

lensions and unknown
Some news in lattice

calculations;

Future directions, new/old

ideas Thanks to
Conclusion Bona, Lubicz,

Silvestrini, Simula,
Vittorio,



STANDARD
MODEL
UNITARITY
TRIANGLE
ANALYSIS
(Flavor Physics)

*Provides the best determination of the CKM parameters;
o Tests the consistency of the SM (" direct” vs indirect”

determinations) (@ the quantum level;

*Provides predictions for SM observables (in the past for

example sin 2 and Am )
o[t could lead to new discoveries (CP violation, Charm, !?)




o )

" The fundamental issue is to find signatures of new

physics and to unravel the underlying theoretical
structure,

\_

" Precision Flavor physics is a key tool, A

complementary to the large energy searches at the
LHC;

)

If the LHC discovers new elementary particles BSM,
then precision flavor physics will be necessary to
constrain the underlying framework;
The discovery potential of precision flavor physics
should not be underestimated.



The extraordinary progress of the experimental
measurements requires accurate theoretical
predictions

Precision flavour physics requires the control of
hadronic effects for which lattice QCD simulations

are essential.

QP = Vg (F|O|I)

QEXP = ZC.gM(MW’mHaS) <F|01|I> +ZCgeyond(mB’ (Xs) <F|0"|1)




M.Bona, M. Ciuchini, D. Derkach, F. Ferrari, E. Franco,
V. Lubicz, G. Martinelli, D. Morgante, M. Pierini,
L. Silvestrini, S. Simula, C. Tarantino, V. Vagnoni,
M. Valli, and L. Vittorio

Plots and numbers in this talk are
hot-off-the-press for this workshop
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Quantities used in the
Standard UT Analysis
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Other Quantities used in the

UT Analysis

UT-ANGLES

Several new determinations of UT angles are now available, thanks to the results coming from the B-Factory experiments
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New Constraints from B and K rare decays
(not used yet)

New bounds are available from rare B and K decays. They do not still have a strong impact on the global fit and they are not used at present.
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PROGRESS SINCE 1988

Experimental progress so impressive that we can fit

the hadronic matrix elements (in the SM)
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Unitarity Triangle analysis in the SM  Summer 2021

PLOTS AND NUMBERS TO BE UPDATED
levels @ 95% Prob
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P over constrained fit
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of the CKM parameters

p=0.156 £ 0.012 80/’}“he CKM matrix is the dominant source of flavour
n = 0.350 = 0.010 mixing and CP violation



Some interesting configurations =
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sin2a. (¢2) and y (¢3)

o. updated with latest nr/pp
BR and C/S results
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y from B into DK decays:

HFLAV: (66.2 + 3.5)°

UTfit prediction: (66.2 = 2.1)°

LHCb just released an update of the y combination + charm mixing parameters y = (65.4+

3.8-4.2)°

We can perform the same combination in the context of UTFit



Compatibility plots — CKM angles

* “Measure” the agreement of a single measurement with the indirect determination from
the fit using all the other inputs — test for the SM description of flavour physics

Coloured scale: level of agreement between measured
value and indirect determination at better than no
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Sin2Bexp =0.688 £ 0.020
sin2Burs = 0.752 + 0,028
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CKM workshop 2021

Black cross: value (x) and uncertainty (y) of the
experimental determination
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FIAG2021

The V., vs V5 Saga a5 BD"

B-D inclusive

Veh exct| = (39.48 £ 0.68)x 1073 FLAG 2021 review

: = (42.16 + 0. %103 from Bordone et al.
Waginei| = CH2U6LE010) X007 o et

~3. 20 discrepancy
|Vub ,excl| = (3.63 1 0.14)x1073  FLAG 2021 review
[Vib.inct| = (419 + 0.17 + 0.18 [flat])x1073

from GGOU HFLAV 2021 adding a flat uncertainty
covering the spread of central values

~1. 60 discrepancy

36 38 40 42 44
Other players in the game: |Vep| X 103

[Vun/Vep |(LHCD) = (9.46
Vub/Vep | (LHCD) = (7.9

0.79)x10™% From Bs to K at high 2
O.6)><1O_2 From Ay, excluded following FLAG guidelines

ol o

Fabio Ferrari CKM workshop 2021 5



Vcb and Vub |

from FLAG 2021

V| (excl) = (39.48 + 0.68) 103

|Veo| (incl) = (42.16 + 0.50) 10

from Bordone et al.
arXiv:2107.00604

|Vuw| (excl) = (3.63 £ 0.14) 103

— 0006
|
= 0.0055

0.005

0.0045

~ 3.20 discrepancy

Vuw| (incl) = (4.19 £ 0.17 = 0.18 ffiat)) 107

from GGOU HFLAV 2021 ~1.6¢ discrepancy

adding a flat uncertainty
covering the spread
of central values

UTfit

summer21
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Ve and Vb

A-la-D’Agostini two-dimensional
average procedure:

|Ve| = (41.1 £1.0) 107

uncertainty ~ 2.4%
V| = (3.89 + 0.21) 107
uncertainty ~ 5.4%

From global SM fit
IVeo| = (42.0 £ 0.4) 10°°
IVw| = (3.72 + 0.09) 10°°
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PLOTS AND NUMBERS TO BE UPDATED

Compatibility plots — |V 4| and |V, |
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Experimental progress so impressive that we Updates from UTfit
can fit the hadronic matrix elements (in the SM)

L o obtained excluding
I ‘ the given constraint
o FLAG21 0.756 =+ 0.016 / fromdfiei
Obse surement M
0.740 + 0.029 0.81 + 0.07
0.226 £ 0.006 ___ 0.220  0.007 &m&
st/de 1.203+0.013  1.210%0. 030 @
B:./Bsg 1.032 + 0.036 1.07 0. o <1

Bes 1.35 + 0.08 @ <1

It does not make sense to improve the precision
on By 1f we do not control long distance effects:
Similarly for t_ or fi without radiative corrections




UT-fit Preliminary
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global mode

mean and standard deviation
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- & large Veb
-B mixing with large
lattice matrix elements

smaller Vcb
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Power corrections to the CP-violation parameter g

M. Ciuchini®, E. Franco®, V. Lubicz(®%,

G. Martinelli@_ T,. Silvestrini®. C. Tarantino(©®)

-3
2021: an estimate from the 1/mc EK = (1-99 = 0-14) x 107,
expansion of the effective

Hamiltonian
o Computing the long-distance contributions to &
£ = (2.228 + 0.011) - 1073
S 2015: a real
Columbia University, USA ex l l l .
bzyhtyeqmail con P OI"Cll‘Ol’y calculation
Norman Christ'‘ no physical masses, no

Columbia University, USA . .
E-mail: FhcEBhys colubiaead  eXtrapolation to the continuum

RBC and UKQCD Collaborations ¢fc.

e = (1.806(41) +0.891(11) +0.209(6) +0.112(13)) x 107> = 3.019(45) x 10>

is utsp utrp Im (AO) 3

e’/e from RBC now in UTfit




Exclusive semileptonic B - {D(*), 7z} decays
through unitarity

Work in collaboration with M. Naviglio. S. Simula and L. Vittorio
(PRD 21 (2105.02497), PRD 21 (2105.07851), 2105.08674, 2109.15248 + in prep.)

A=(p,n)

C=(0,0) B=(1,0)

Mr. Nosferatu
from Transylvania




State-of-the-art of the semileptonic B — {D(*),r} decays

Three critical issues:

Q | I T T T 1 I T T T T I T T T T I _
'|RD(*) anomalies: % - [ HFLAV average Ax?* =10 contours ]
04 [ —
[ LHCb15 _
0.35 - _ —
C LHCb1S .
B(B — DTVT) E i =
R(D) = : 03 -
B(B = Dgyg) N i
” B(B — D*TVT) 025 [ ‘;P\Beﬂelg _________ 7 Bellel5 ]
RID") = BBES D - :
( — VE) - Bellel? HELAy B
[ A £ SM predicti
02F ao
: R(D*)=0.258 +0.005 P(XZ) =27% :
I L L L L I L L L L l L L L L I L L L
0.2 0.3 04 0.5
R(D)

HFLAYV Coll., see https://hflav-eos.web.cern.ch/hflaveos/semi/spring19/html/RDsDsstar/RDRDs.html

3.080 discrepancy




Form Factors (FFs) in exclusive semileptonic B decays
* Production of a pseudoscalar meson (i.e. D, z):

dl’ _ G%—"‘/cb|2n%?W dr m% (mB + mD)2 (w2 — 1)3/2 f (w)’2
dw 4873 (1+7)2 *

* Production of a vector meson (i.e. D¥*):

dl'(B — D*(— Dm)tv)  G%|Va*niw N
— % - 1
dwd cos 0yd cos 6, dx 4(4m)4 SMBMpe VW
X B(D* — D){(1 — cos )*sin? 0, | H, |

Hy(w) =|f(w)[F mpmp v w? — 1

+ (1 + cos 8y)? sin? 0, | H_|* + 4 sin® 6, cos? 6,| H|?

HO (w) = 971 (w) — 2gin? 0, sin? 0, cos 2xH, H_
2 2 |
\/mB + mp — 2mpmpw — 4sin 0y(1 — cos y) sin 0,, cos 0, cos xH+ H

+ 4sin 0y(1 4 cos 6y) sin 6, cos 0, cos xH_Hy},

i mQB —l—m%o —2mpmpw

If the lepton is not massless two other FF's

relation between the momentum fO(w) (pSGU—doscalar)a P (w) (VeCtOI')
transfer and the recoil



The Dispersive Matrix (DM) method

A novel, non-perturbative and model independent approach: starting from the
available LQCD computations of the FFs in the high-g? (or low-w) regime, we extract
the FFs behaviour in the low-g? (or high-w) region!

E. de Rafael and J. Taron, PRD, 50 (1994), p. 373-380
C. Bourrely, B. Machet, and E. de RafaelNPB, 189 (1981), pp. 157 — 18

For LQCD original idea from L. Lellouch: NPB, 479 (1996)
New developments in PRD '21 (2105.02497)

The resulting description of the FFs will be:

» entirely based on first principles (LQCD non-perturbative evaluation of 2- and 3-
point Euclidean correlators)

* independent of any assumption on the functional dependence of the FFs on the
momentum transfer

e applicable to theoretical calculations of the FFs, but also to experimental data
* independent of any mixing among theoretical calculations and experimental data

* universal: it can be applied to any exclusive semileptonic decays of mesons and
baryons

_ No HQET, no series expansion, no perturbative bounds
with respect to the other popular parametrizations




The DM method works
example from D -> K decays

The great advantage of studying the D — K decay is that we can compare our results obtained with the unitarity
procedure to the ones obtained from a direct calculation of the form factors that cover indeed all the kinematical

. . 2
regionn g-.
1.6 T T T T T
J+(?) band
14 fo(g?) band ensemble B25.32 A .
f+(¢?) points =@ .. . . .
Lol folg®) points ~= ° ] The figures show the bands obtained by using as inputs

Fro(d®)

.0(112)

input points =@ . 5]

e only the red points and the rest of the lattice points that
i = ’Q 0" ' are not used as input in our analysis in the case of the
T = ETMC ensembles B25.32 and D30.48.
0.8 ’
- : ‘ ‘ ‘ : The red points
' 0.0 0.5 : 1.'.()) L5 2.0 are the on]
2 gl Tt :; The agreement is excellent!
14} f{ ((: )) lt) :11; ensemble D30.48 lnp Ut for the
f+(g%) points =@ DM methOd' '
12l fo(g®) points =dp= .‘ - ]
{npgiipolots; e ! s - These results suggest that it will be possible to obtain
o0} o ' 7 RN | ' quite precise determinations of the form factors for B
* : o ** i | decays by combining form factors at large g 2 with the
08} $ ¢ | non perturbative calculation of the susceptibilities.
0.6




The Dispersive Matrix (DM) method

tEq2

M =

(gelof)  (gtlgr)  (9¢lge.)

<gt1 ’¢f> <gt1 |gt> <gt1 ’gt1> o

[ (@flof) (¢flg) (Dflgn) ---

\(gtn|¢f> (gtn.lgt> <gtn.|gt1>

(Df19¢) \
<gt\gtn>
(911 19t,,)

(90,19t} )

The conformal variable z is related to the momentum transfer as:

[ t+—t 1
Z(t) — t—l__t— [0’ tmGX:t-] @[Zmax/ O]

(h1lh2)

B — D

)

det M > 0



esrlor] @flad ] @hon) - @lgn)
gtlof)  (9lgr) et
(9e119¢) [(9t:l96,) - <9t1|9tn>

The DM method

<gtn-|gt> <gtnigt1> s <gtn|9tn>

We also have to define the kinematical functions

2 St 1 1 o 1 —2
o, Q) = /7 2! e (P00 5) (@)
3

5 on (1+ 2) 1+2\7° oy, 1+2Y\ _ [yt
Prm @) =y 31\/7r(t+—t_)(1—z)9/2 <5(O) z> (B(_QHl—z) P = by — -

Thus, we need these external inputs to implement our method:

- estimates of the FFs, computed on the lattice, @ {t,,...,t,}: from Cauchy’s theorem (for generic m)

_ 2 = !
<gtm|¢f> — ?b(tma @ Zéfc(;m) <gtm|gtl> 1= Z(tl)z(tm)
data! Q2

- non-perturbative values of the susceptibilities, since from the dispersion relations (calling
the Euclidean quadratic momentum)

—
l
2 I Since the susceptibilities are computed
X(Q ) Z <¢f’¢f> l on the lattice, we can in principle use
l
l
l

whatever value of Q2 = _q



The DM method

The positivity of the original inner products guarantees that det M > 0 namely

o | B=VY|IS f2) S|BHVY |

X 1 — 22 ! 1 z (1-2)(1 -2
Gk e D P Prae Nl L DEC L e e

UNITARITY FILTER: unitarity is satisfied if v is semipositive definite, namely if

1 — 22)(1 — 22
x>y Nfz‘fj¢i¢jdidj( %)~ %)

J
%,J=1

1 — Ri%g

This is a parametrization-independent unitarity test of the LQCD input data

A detailed discussion of the treatment of statistical errors

and constraints was also presented (simplified with respect to
L. Lellouch NPB, 479 (1996))




Non-perturbative computation of the susceptibilities

The possibility to compute the ys
on the lattice allows us
to choose whatever value of Q?
(i.e. near the region of production
of the resonances)

)

NOT POSSIBLE IN PERTURBATION THEORY!!!

(mb -+ mc)AQCD << (mb + mc)2 — q2

POSSIBLE IMPROVEMENT IN THE STUDY OF
THE FFs through our method

Work in progress...

To compute the susceptibilities on the lattice, we start from the Euclidean correlators:

Xo+ (Q2) == ? [Q2H0+(Q2)] /000 - tzjo(Qt) Cos (1)
2 o0
@)= -2 @@ = & [T a2
xo-(Q%) = % [Q*TTo-(@%)] = /0 " dt 26(Qt) Co-(8)
1 8 1 =
X1+ (@) = - 28202 [@°T1,+(Q%)] = Z/o dt t4‘71£2Qt)

W. I. 1

i 4/0 dt/t/4 Jl(Qt) [(mb

Ci-(2)

W. I
e

Ci+(2)

oo [(ms = meCs(t) + QCor (1)

1 4] (Qt) ' / /
Z/O dt' t'4 1Qt [(my +me)*Cp(t') + Q*Co- ()]
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Non-perturbative computation of the susceptibilities

Let us choose for the moment zero Q2:

Yot (@ = 0)| = / Tt @ Cor (1)
0
(@ =0f= 1 [art e,
Yo (@ =0) = / dt  Cy-(t) |
0
x1+(Q° =0) = %/0 dt t* Cy+(t) .
Yor (Q2 = 0) = 112(m,, me)? /0 dt t* C(t)
Xo- (@2 = 0) = = (my + m.) /0 T at 4 Cp(t)

Co+(1)

Ci-(1)

Co-(t)

Ci+(1)

Cs(t)

Cp(t)

=|Z2

:Z‘%

=|Z%

=|Z2

zzg

=Zz23

/¢

OOH—‘

~—

Wl =
I

1

— —

z(0|T [q1 (z)0q2(2) 42(0)7041(0)][0) ,

/ 20| (@ (2)7;02(x) 32(0)7;1(0)] [0) ,

d*z(0|T [q1 (z)v0v592(z) 32(0)v07541(0)] |0) ,

/ dz(0|T [q1(z)vj1592(2) 32(0)v;v591(0)] |0) ,

d*z(0|T [q1(z)q2(x) 32(0)q1(0)]|0) ,

d*z(0|T [q1(z)¥592(z) 32(0)Y541(0)] |0) ,

Z:. appropriate renormalization constants

N. Carrasco et al. [ETM Coll.], NPB 887 (2014) [arXiv:1403.4504 ]
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Non-perturbative computation of the susceptibilities
r: (unphysical) Wilson parameter

0.030 T
L : o phys hys: |
::mc mbpyg 1 0007 ————+71T 7T T T 7T T
0.025 -_C;DOQGD & . E mcphys mbphys: ]
o o (0] © ] 0.006 —EIJ -
L o 5 - ':[I] DT
0.020 |- o ] :
_. B25.32 D 0.005 —(i) i Bl ) ]
><g 0.015 - a~0.082 fm O (r,-n P < -<I><I>li1
e P > 0.004 f: it 0@ .
(1 m,~12MeV . L) [ (0 M
L m=mphys a (r,r) oA \1 : ®
0.010 1 MM - & 0.003 o O 5
. ] : B25.32 @ =
[ o] - . O @m 2
0.005 |- g = : ] 0.002 =1 6,082 fm @ x
[ a8 :
[ & Do Flom o~ 12Mev .
oo @B L L L 00T i T =
1 2 3 4 5 [ ot L
m  (GeV) 0000 Lo b v o 1w 11
h 1 2 3 4 5
. . m, (GeV)
Following set of nine quark masses:
mp(n) = X1 mphus forn=1,2 1) = mPhys
h - cC T gy Sy e mh — mc

A = [mP"S /mEMAY/10 = [5.198/1.176]1/10 ~ 1.1602  mp(9) ~ 3.9 GeV ~ 0.75 mﬁhys

mi = apn/(Zpa) Contact terms &
Large discretisation effects



Contact terms & perturbative subtraction

In twisted mass LQCD (tmLQCD):

+m/a d4k Q Q
af _ o b T _ X k Q
7= [ G o G -] +3
—iYuBy + Mi(p) — ipgivsT .
Gi(p) = o L i=1,2
i P? + MG (p) + big Z —>'Q
. L. TP . ._ 2 . (ap
Py = asm(apﬂ), M;(p) = m; + 5 api, p=_s n<7“> Jo %

N

2 = a=2(Z + (r} = r]) ZE + (1} — r2)(r} +13) Z1)g*P
2 2
+ (U3ZM + 13275 + e Z*H2) g + (Z2 + (r2 — 1)) Z2)Q - QP
+ (227 + (] - )28 V)Q QP + rira(a 2219 + (25172 + (r} 4 r) 25T

+ (rt +19)Z0 Q- Q™ + (W3Z52 + 4325 %) g*P) + O(a®),  CONTACT TERMSII!

L. Vittorio (SNS & INFN, Pisa)
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Contact terms & perturbative subtraction

In twisted mass LQCD (tmLQCD):

+m/a d4k Q Q
af _ o AW ¥ Q
= [ Ty Gk + 1 Gl - 3|, k+

Thus, by separating the longitudinal and the transverse contributions, we can
compute the susceptibilities for all the spin-parity quantum numbers in the free <
theory on the lattice, i.e. at order (9(042) using twisted-mass fermions!

free _|. LO discr
X] _ X] —|_ X]
LO term of PT @ O(ag) contact terms and discretization effects @ O(Oéga,m) Wlth m Z O
Perturbative subtraction: »|  Higher order corrections?

Xj = Xj — {Xfree — X]LO} @ @

Work in progress...




Xo+
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0.020

0.015
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0.000

Contact terms & perturbative subtraction

T

L L I LI I LI L I LI I T

1]
o]

B25.32

a~0.082 fm

m ~ 12 MeV
ud

h;
m=mp)’5
c c

O (r,-n

O (r,r)

0]
(0]

1 1 1 l 11 1 1 I L1 1 1 I 11 1 1 l 11 1 1 I 11 1 1

—

L. Vittorio (SNS & INFN, Pisa)

Xo+

0.030

0.025

0.020

0.015

0.010

0.005

0.000 L

:I 1 T I 1 1 1 I 1 T I 1 1 [
i m phys m phys : |
_' ‘ perturbative subtraction ° 7
B25.32 ]
[ 2~0.082fm S ) i
m -~ 12 MeV O r.p) ]
m=m phys -
| 0] D CD ]
o000 @ © -
_ g B _
2] = 7
ae.8 .8, | . | L5

1 2 3 4 5

m (GeV)
NOT ENOUGH...
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0+

Non-perturbative computation of the susceptibilities

0.030 .. :I ! ! I ! ! ! I ! ! ! I ! ! ! I :I <) 0-007 :I T 1 I 1 T T I T T T I T T T I :I
|- m phys - physé J [ - phys ” phys ]
- Cc b : : i c b
0.025 - wi : 0.006 _—EP B
% D 0.005 [p @ -
0.020 [:  B25.32 - ¢¢ @ O
[ : ] O] : ] O [ &
o 2~ oo0s2im : > 0.004 | i O
0.015 | m ~12MeV & (5 ;o S B CD(D M
- . - =mphys . 7 l|_ 0003 '_ m
| - c c P B - o
L. & g . m
0.010 |- 5 [ B25.32 )
[ g 3 = ] 0.002 |-: 8
I ® : - a~0.082 fm
0.005 |- g 8 k 0.001 [1 M 2N
- L | - m=m phys :
- g® & S L]
0.000 ‘_e.g.lgl ] 1 1 1 | 1 1 1 | 1 1 1 | :I 0.000 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | "1
1 2 3 4 5 1 2 3 4 5
m_ (GeV) m (GeV)

Much better using the Ward Identity



Contact terms & perturbative subtraction

0-007 :I T T I T T T I T T T I T T I :I
[ © o PhYS m Ps ]
i c b
0.006 _EI][IJ
0.005 [ i Ol
> 0.004 i 0 (r,r)
& 0 g
1 = ¢
> 0.003 |- o O
. ® m
[ B25.32 O @
000 [ ¢ 2-0.082fm @
B m ~ 12 MeV
0.001 t: ud
- m =m P>
0.000 [ | 1 1 | 1 1 1 | 1 1 1 | 1 |
1 2 3 4 5
m_ (GeV)

(GeV™?)

X -

0.007

0.006

0.005

0.004

0.003

0.002

0.001

0.000

T I T T T I T T T I T T | |
m m
c b

perturbative subtraction

phys:

An extrapolation to the continuum limit was

implemented

[ gql O (r,r

- o0 0 (r,r)
0 g ’

B25.32 8 $
[© a~0.082fm 8 B
_ m ~12 MeV
| I I | |
1 2 3 4 5
m (GeV)




ETMC ratio method & final results

For the extrapolation to the physical b-quark point we have used the ETMC ratio method:

2 to ensure that

Xjlmn(n); a*, My pjlmn(n)]
Xj[mn(n — 1); a2, myg]| pj[mp(n —1)]

2 _ .
R0, g ) = limy, 500 Rj(n) =1

po+(mn) = po-(mn) =1,

—)

p1-(mp) = p1+(mp) = (m20l6)2

All the details are deeply discussed in arXiv:2105.07851. In this way, we have obtained the first

lattice QCD determination of susceptibilities of heavy-to-heavy (and heavy-to-light, in prep.)
transition current densities:

b->c b->u
’ H Perturbative | With subtraction H Non-perturbative ‘ With subtraction ‘ | Non-perturbative | With subtraction |
xv, [1073] 6.204(81) = 7.58(59) — 2.04(20) —
x4, [1073] 24.1 19.4 25.8(1.7) 21.9(1.9) 2.34(13) —
vy [107% GeV~2] 6.486(48) 5.131(48) 6.72(41) 5.88(44) 4.88(1.16) 4.45(1.16)
XAr[107* GeV~2] 3.894 — 4.69(30) — 4.65(1.02) —

Differences with PT? ~4% for 1-, ~7% for 0, ~20 % for 0* and 1*
Bigi, Gambino PRD ’'16
Bigi, Gambino, Schacht PLB ’17
Bigi, Gambino, Schacht JHEP 17



form factors for B — D*#v, decays

results from FNAL/MILC computations of the FFs arXiv:2105.14019
non-perturbative susceptibilities from arXiv:2105:07851

arXiv:2109.15248
0.45 . : . : : 6.5 . . . )
al, B | o o Bifesn | Two kinematical constraints (KCs):
P FNAL/MILC ~&—~ Z FNAL/MILC &~

N, 1 R, L R(1) = (ms - mp)f()
030} /////////// { Zsof ////////////////// ] =
= 7

0.25 F /////////////////// : 45 ////////////////// Pi(Wmaz) = F1(Wmaz)

0.20 F ///////////// 40f 7 (1 4+ Winaz)(MmB — Mp*)/mpmp-

O'151.0 11 12 1.'3 14 1.{5 3'51.0 11 12 1.'3 14 1.'5 :

% | o | | s | o | | f(Winaz) = 4.19 £ 0.31 ,

5 _/%///// DM =z | g DM zzzzz )

2, FNAL/MILC —— e, FNAL/MILC ~—— ] 9(Wimaz) = 0.180 & 0.023 =

St 7 {1 2 7 _
L:14_ ///////////////// = "1y, ) F1(Wmaz) = 11.0+£ 1.3,

12 //// Yy,

ol amn Z Pi (Wnae) = 0.411 4 0.048 .

8 ' - ' - ' 0.2 : ' ' '

1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 12 13 1.4
w w LCSR: & (w,,,,) =16.0x2.1 (arXiv:1811.00983)

R(D*) = 0.269 = 0.008, | | R(D*)|exp = 0.295 £+ 0.011 & 0.008,
P, =-052£0.01, | | Pr(D")|exp = —0.38 £ 0.5175 7,

Fy, = 0.42 + 0.01, FrL(D*)|exp = 0.60 & 0.08 = 0.04.




Exclusive Vcb determination from B -> D*
dl’ /dx . xr = w,cos ), cosb,, x

T T 0-052 T T T T
Ti= T = cosb,
0.048 &

Lt

E 0.045 %

Blue squares:

OAdLE /@/9/////////////// 1 0.040 | \\ arXiv:1702.01521
0o3sf IR ///////////////
0.030 L L L L 4 0.036 L A
0 2 4 6 8 10 0 2 4 6 8 10
bin number bin number Red pOintS:
0052 T T T T T 0052 T T T T T arxiv:1809.03290
0.048 + 0.048 +
K L =3 [ R
A B K 1, I ‘s‘e § /\ \ s‘ s »‘s
0.040 0.040 + 3
0.036 L . L L . 0.036 L
0 2 4 6 8 10 0 2 4 6 8 10
bin number bin number

In the w differential decay rate data systematically above the result of the fit
This problem is known and has been studied, for example, in Nucl. Instrum. Meth.
A346 (1994) 306-311

Our interpretation is that there is a problem related to the
Experimental calibration and to the covariance matrix



experimental data for B — D*¢v, decays

- two sets of data from Belle collaboration arXiv:1702.01521 and arXiv:1809.03290

: ; : ; ) total of 80 dat int
- four different differential decay rates dI'/dx where x = {w, cosf,, cosf,, y}: 10 bins for each variable otato SESpERES

*** we do not mix theoretical calculations with experimental data to describe the shape of the FFs ***

(dT/dx) ™ .
IVcbliE T e G 1’-"’Nbins
(dU/dx)h-

10 exp.
dr
* issue with the covariance matrix Cij.x” - of the Belle data: TI'“%?- = E (—) should be the same for all the variables x
i

(see D’ Agostini, arXiv: 2001.07562)

- we recover the above property by evaluating the correlation matrix of the experimental ratios

1 d F exp.
I'exr- \ dx

i

and by considering the new covariance matrix of the experimental data given by (see arXiv:2105.08674)

Cexp. —p .r.atios Cexp.cexp.
ij ij ii Ji

0.060 : : : : 0.052 ] . . . .
ER L a
0.055 0048 [
blue data: Belle 1702.01521
_0.050 | 1
3 20044 [ -
—0.045 L 1 =
red data: Belle 1809.03290
ol ] 0.040 [ ]
0.035 0.036
0 0
0.052 0.052 }
bands are (correlated) weighted averages
0.048 | ] 0.048 [ ]
10 .
== = T af — Zi,j:l(c 1)ij|Vcb|j
0044 1 Foout ] Veb| = 0 G-y
e (o)
0.040 [ ] 0.040 [ ]
9 1
A (== | S E
0.036 | L L L L 0.036 L L L L L el e C—l »
0 2 4 6 8 10 0 2 4 6 8 10 Zw:l( )ij

bin number bin number



Exclusive Vcb determination from B > D*

experiment || |Veo|(x = w) | |Veo|(x = costr) | |Veo|(x = cosby) | |[Ven|(x = Xx)
Belle 1702.01521 Ref. [11] 0.0398 (9) 0.0422 (13) 0.0421 (13) 0.0426 (14)
Belle 1809.03290 Ref. [12] 0.0395 (7) 0.0405 (11) 0.0402 (10) 0.0430 (13)
averaging procedure
Ty = % i B - ﬁ with the original covariance of Belle data
b=l I ‘/("/7 I(«{\‘('/. . 1( = 4 1 3 + 1 7 | blexcl O =40.0+2.6
i i =
o7 = N ZUI% TN Z(wk —E
k=1 k=1
[ Vgl oy 5107 = 39.6%}, Gambino et al., arXiv:1905.08209
4? Vel - 10° = 39.56% 0 Jaiswal et al., arXiv:2002.05726
Wil e =1 103 = 38.86 = 0.88 FLAG 21, arXiv:2111.09849
the use of exp. data to describe the
shape of the FFs leads to smaller errors,
h i BGL fi .
out iolsoyolaiincatod Bkl daes |Vl +10°=42.16+0.50 (Bordone et al: arXiv:2107.00604)
not guarantee that the final error is not HiLS

underestimated



extraction of |Vep| from B — DZv, decays

* lattice QCD form factors from FNAL/MILC (arXiv:1503.07237): synthetic data points at 3 (small) values of the recoil
* experimental data from Belle collaboration in 10 bins (arXiv:1510.03657)

FF

|Vcb|
. £@ 0.040| -- __i__{ _:{__i_i_ __i
08 0.035¢
fo@ -l
e KC at maximum recoil 0.030 i
for each bootstrap [ 1
: ‘ : : : Bin Number
%5 T e 5 i 5 % 0 2 4 6 8 10
|V, |€X(,1. -103=41.0%1.2 nice consistency with B — D*
R(D), R(D¥*) and polarization observables
observable DM experiment difference
R(D) 0.289 (8) 0.340(27) (13) ~ 1.6c
R(D%*) 0.269 (8) 0.295(11) (8) ~ 1.60
P (D%*) —0.52(1) —0.38(51) (F3)
F;(D*) 0.42 (1) 0.60(8) ) ~200c

**% pure theoretical and parameterization-independent determinations within the DM approach ***




Semileptonic B, - D.* decays

arXiv:2105.11433, From the results of the HPQCD Collaboration , we have determined the
values of the FFs @ three values of small recoil, namely w={1.00, 1.08, 1.16}, and then
applied the DM method to describe them in the whole kinematical range.

Results?

—  4.49 +0.39,
— 0.253 + 0.046,
— 16.84+ 1.8,

— 0.622 4 0.066.
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Semileptonic B - D.* decays

Possible large (huge!) SU(3)- symmetry breaking effects

Hard to believe

f(Wmaz) = 4.19 £ 0.31,
~ 9(Wimaz) = 0.180 & 0.023,
~ F1 (Wmas) = 11.0 £ 1.3,
' " Pl (wmax) = 0.411 £ 0.048.
i
f¥(Wmax) = 4.49 £ 0.39,
G°(Wmax) = 0.253 % 0.046,
F¥(Wmax) = 16.84 1.8,
P (Wmax) = 0.622 2 0.066.

(©) (d)
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DM confronts BGL

two important differences in the DM method with respect to BGL parametrization
* No series expansion to describe the FFs m—————)  \0 70NCATION ERRORS

particularly relevant for semileptonic decays characterized by a very large ¢g° range

B — wly Maximum ¢ = 26.46 GeV?
ANy — ply Maximum ¢ = 21.9 GeV?

* Unitarity check of FFs data completely independent of the parameterization

I The DM approach

)  reproduces exactly the known data

: i1) allows to extrapolate the form factor in the whole kinematical range

(111) 1n a parameterization-independent way

11v) providing a band of values representing the results of all possible BGL fits
| satisfying unitarity and passing through the known points (important for

estimating uncertainties)



Semileptonic B - m decays (in prep.)

Solid: RBC/UKQCD
Dashed: FNAL/MILC

Non-— | RBC/UKQCD + FNAL/MILC
perturbative ™|
susceptibilitys-
for the b — u, £.(q?
current

fo

comfaoihed (g2

f+(0) = fo(0)

RBC/UKQCD | —0.06 £+ 0.25

FNAL/MILC | —0.01+£0.16

Combined —0.04 £ 0.22
LCSR 0.28 + 0.03

* 3 RBC/UKQCD data (points) for each FF [arXiv:1501.05363]
* 3 FNAL/MILC data (squares) for each FF [arXiv:1503.07839]



|Vis| f+(q2)

Unitarization of the experimental data

‘?/ H'II'_|Vub|DMX103:3.88:|;0,32

all experiments —©—

$ unitarized data Reference Vip| x 10°
' ] FLAG 21 3.74 £ 0.17

T HFLAV ’18 & PDG 720 | 4.32 + 0.29
Belle Coll. 21 410 £ 0.28

Exclusive and the inclusive
values are compatible at the
1o level

* construct the experimental values of |V, f. +(qi2) | =4/Al/z (z; = kinematical coefficient in the i-th bin)
* apply the DM method on the data points |V, f,(¢?)| using the unitarity bound | V,,, |* 7,-(0) with an initial guess for |V, |

* determine |V, | using the theoretical DM bands and iterate the procedure until consistency for |V, | is reached



S. Meinel CKM21

R(D™))
ose 55 Ltin O o e
~4+~ Joint fit form factors
. Lattice-QCD-only SM predictions:
én.,’so R(D*)enaLmitc 2o = 0.265+0.013
498 R(D)FNAL/MILCQOIS = 0.284+0.014 034 B T T T T T T T T T T T T T T T T T T ]
‘ + R(D)rLaGoor = 0.2934 +0.0053 n .
) 0.32 | .
[FNAL/MILC, arXiv:2105<R1[Z())19; HFLAV, arXiv:1909.12524/EPJC 2021] 0.30 o .
See the talks by Judd Harrison, Shoji Hashimoto, Takashi Kaneko, Gumaro Rendon, B 7
and Silvano Simula for more lattice results on heavy—heavy decays! T 0.28 - ]
a8 : ]
x 0.26 | —
CKM matrix elements ; ]
43 0.24 - -
T T T I T T T I T T T I T T T I T T T I T T | I T T T =3 =
i 1 i —-—=- 68.3 % C.L. contours -
4 [ /I\ 1922 owm (B,) —— 95.5 % C.L. contours ]
: T : 020 [ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ]
- - Pany . 0.24 0.28 032 0.36 0.40 0.44
> 41 | A\ % .
= I B 1 R(Des))
x - -
| ] LFU observables
= B O FLac 21|
- S ' IMPORTANT: the difference between the red and the
39 | < inclusive 2 green area comes from the difference in the LQCD
[ @ urit 21| ] computations by FNAL/MILC and HPQCD Collaborations
38 [ L L L I L 1 L I L L L I L L L I L L L I L L 1 I L L L i
3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8

3
L. Vittorio (SNS & INFN, Pisa) V! X 10
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Conclusions

The Dispersion Matrix approach is a powerful tool to implement unitarity in the
analysis of exclusive semileptonic decays of mesons and baryons

it does not rely on any assumption about the momentum dependence of the hadronic
form factors

- it can be based entirely on first principles (i.e. unitarity and analiticity) using non-
perturbative lattice determinations of both the relevant form factors and the
dispersive bounds (the susceptibilities) from appropriate 2-point and 3-point
(Euclidean) correlation functions

- it predicts band of values that are equivalent to all possible BGL fits satisfying unitarity
and reproducing exactly a given set of data points. Larger but more reliable
uncertainties

- Itis not biased by the fit of the experimental data

- it is universal, namely it can be applied to any exclusive semileptonic decay e.g. baryon
decays



Conclusions 2

lNew insight on both:

|
|
I
|
' compatible @ the 1o level)

| We found problems with the Belle covariance matrix
|

I

|

|

* the R(D(*)) anomalies (theoretical values and measurements
compatible (@ the 1.60 level)

e e - - - e o o e o e o o S S O S S S B S D D S S S S S S S S S e S S S S S S S e e e .

Is there really a problem with Lepton Flavor
Universality in B — DU decays ?
or
Much ado about nothing



absence says more than presence

FRANK HERBERT
(Dune)

THANKS FOR YOUR ATTENTION




