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Extraction of |V|: a long lasting 30-tension between the two main available
determinations

|Ve| = (39.05 +0.75) x 1073 | V| = (42.00 + 0.65) x 107°

Inclusive:
OPE expansion depending on few
HQET parameters extracted from
experiment

Exclusive:
B — D")v results + latticeQCD
computation of form factors

Improving the precision will

e (dis)favor new physics interpretation

e help the search of new physics in rare decays (FCNC decays like
Bs = ptp~ , Kt = ntuw, KL — 7% as well as ex)

e be particularly interesting in view of the anomalies in B — DY) 7y



The B meson expectation values of the dimension-5 and -6 local operators
appearing in the OPE expansion of the total semileptonic width!
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LA recent inclusive computation of Vy,: [arXiv:1411:6560v2[hep-ph]]



We study the 1/mj dependence of two meson mass combinations:

Mps(mp) + 3My(mp)
4
(Spin averaged) (Hyperfine splitting)

Ma\,(ﬁlh) = AM(IT’Ih) = Mv(I’T'Ih) — Mps(mh).

Their HQET expansions read as
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A: energy of the light quark and gluons,
P2 pic, py, ph: non local zero momentum transfer correlators,

My = M (psort): the heavy quark mass in the kinetic scheme at pisorr = 1GeV.



ETMC gauge configurations with Ny = 2 + 1 + 1 dynamical quarks

“ ensemble [ B [ V/a4 [ Nty “ apy [ EI [ app > apc ”
A30.32 1.90 323 x 64 150 0.0030 {0.21256, {0.34583, 0.40675,
A40.32 150 0.0040 0.25000, 0.47840, 0.56267,
A50.32 150 0.0050 0.29404} 0.66178, 0.77836,
A40.24 24% x 48 | 150 0.0040 0.91546},
A60.24 150 0.0060
A80.24 150 0.0080
A100.24 150 0.0100
B25.32 1.95 323 x 64 150 0.0025 {0.18705, {0.30433, 0.35794,
B35.32 150 0.0035 0.22000, 0.42099, 0.49515,
B55.32 150 0.0055 0.25875} 0.58237, 0.68495,
B75.32 75 0.0075 0.80561}
B85.24 247 x 48 150 0.0085
D15.48 2.10 483 % 96 90 0.0015 {0.14454, {0.23517, 0.27659,
D20.48 90 0.0020 0.0150, 0.32531, 0.38262,
D30.48 90 0.0030 0.19995} 0.45001, 0.52928,

0.62252}

In Physical units?: a ~ (0.06 — 0.09)fm M, ~ (210 — 450)MeV  mj, ~ (3 — 12)mPhy®

u/d
me ~ (0.7 — 1‘1)m?hys my, ~ (1'1 _ 3.3)m£>hys < O.SmEhys

?Determination of quark masses and RCs: [arXiv:1403.4504 [hep-lat]] 4



We adopt the kinetic mass my, instead of the pole mass.
The pole masses m?°® suffer in perturbation theory from IR renormalons of
order O(AQCD).

mp = m{:°'e dmp (IR sensitive part)
The relation? between the kinetic mass and the MS masse iy, is known up to
N2LO
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In charm-bottom region my/mu(my) varies in the range 0.8 — 1.1.

2Kinetic-MS mass relation: [arXiv:1107.3100[hep-ph]]



Analysis of Mav

Extraction of ground state meson masses
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Mps(vy are determined from the plateau of the effective mass
Cﬁ_é(v)(t -1+ C.‘%(V)(t +1)
2C35(1)

We adopt also Gaussian-smeared interpolating quark fields to suppress faster
the excited states (smearing parameters: k¢ =4, Ng = 30).

Mﬁ';f(v)(t) = arcosh [

o>V MPS( v) -

= "min



Analysis of Mav

ETMC ratio method to M,,(m;,) and determina

tion of m,
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Analysis of Mav

ETMC ratio method to M,,(m;,) and determination of m,

4. Interpolation in 1/my
imposing the static limit,
0.98 .
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applied taking into account the cor-
1/m, relations between lattice points.
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5. Chain equation:  Ma(fic)  Yu () N) V(5 ) oo ua (A A) = A M, (/).

triggering point
My = A/, determined iteratively imposing Mav(rﬁy(ﬂ)) = (Mg + 3Mp=)/4 after K = 10 steps.

b = 4.605 (120).1a; (57)oyer GeV = 4.605 (132) GeV [y (M) = 4.257(120) GeV .

Compatible with the determination (7)) = 4.26(10)GeV® (using the running mass mx(2GeV),
different ratios involving B-B; meson masses)

3Determination of my, in MS scheme: [arXiv:1107.1441[hep-lat]]



Analysis of Mav

HQE expansion parameters from M,,(m;,)

h

M (m)/m

We extend the chain equation beyond the b

quark point, we choose n ~ 20 ( m, ~ 4my), Results of the dim-6 fit my > m,

Mo () M e ) A = 0.551 (13)stat (2)syst GeV
0w iy IMMy 5 A)- p2 = 0.314 (14)stat (2)syst GeV?
o Pp — P2 — po = 0.174 (12)sat (2)syss GeV?
N T T T
16 | 4 Results of the dim-6 fit m;, > 2m.
" ] A = 0.552 (13) GeV
14 L 3
L u2 = 0.323 (16) GeV?
L 13 [ E
: pY — P — pe = 0.153 (24) GeV?
1.2 | ]
kb - 31 Results of the dim-7 fit
I/mh |/m{ _
K L L L I I —
100.0 0.2 0.4 0.6 0.8 A =0.552 (13)stat (2)ayat GeV
1/, Gev) p2 =0.325 (17)stat (3)syst GeV2
. 1G] 8 3
Correlated fit based on the HQE expansion Pp = Prx — Ps = 0.133 (34)stat (6)syst GeV
My, (73n) A w2 p—pi—pt o o =0.0071 (55)sta (10)sys; GeV*
B N
my 2 4m; my
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Analysis of AM

ETMC ratio method to AM(m,)

Hyperfine mass splitting at the triggering point: AM(m¢) = 140(11)MeV [ Mp« — Mp = 141.4MeV].

0.20 . . ~ .
In the static limit m, — oo HQE predicts
0.18
< . AM(mp) 2 5,
g o _lim my —— = —pg(mp),
< mp—oo  cg(Mp, Mp) 3
< . . .
S mi Wiomonw thus, the ratio method can be applied to the ratios:
012 - @ §-1.90,L/a=32 A 5-210,1/a=-48 7]
B peissinnzs O oyt ) A" AaM@E) (@Y, )
010 L L L L L L yam(my’, X) = (n—1) (n—1) O]
0.00 0.01 0.02 0.03 0.04 m AM(m ) cg(m mp)
= h h h
7 (Gev) ~———
1.8 " A
bauark counrk . . ..
Wb 1 cg: short distance Wilson coefficient,
al p 13 arg as\2 mp
- e = |1+ — 2 +(11.47448, — 9.6584) ( — ) | R —2_
o pole
6 ™ m
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4 :k‘"le“&r‘gto) R(Mp, Mp) is the evolution factor in the MS scheme
08 . . S iﬁh/mzm improves the convergence.
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Analysis of AM

ETMC ratio method to AM(m,)
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Interpolation in 1/mj, imposing the static limit and taking into
account the correlations between lattice points

_ . A€y Aer 1
}’Am(mh7)\)=1+T+Tz+o =
mp m; m;

Using the chain equation, at the b-quark mass we obtain
AM(mp,) = 40.2(2.1)MeV [ Mg+ — Mg = 45.42(26)MeV].
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Analysis of AM

HQE expansion parameters from AM(m;,)

The chain equation can be extended beyond the b Results of the dim-6 fit m;, > m.
quark point, we choose n ~ 20 ( my =~ 4mp),

2 [~ 2
_m AM@ED)  AM(m) tig(Mp) = 0.250 (18)stat (8)syst GeV
h pur s I HYAM(mh )3 3 3 3
cc(my”, mp) cc(me, mp) 15 Prc + Pa — prs = —0.143 (57)stat (21)syst GeV
T L T
020 [ ; 4 Results of the dim-6 fit m, > 2m,
< "°F ] pZ (M) = 0.254 (22) GeV?
Z omp 1 PrG + Pa — pis = —0.158 (70) GeV’
lgz 0.17
El Results of the dim-7 fit
e
0.16 - 4
w2 () = 0.254 (20)stat (9)syss GeV?
0.15 H N o |
G ‘ ‘ Prc + Py — Pis = —0.173 (74)star (25)syst GeV?
0.0 0.2 0.4 0.6 0.8

~

1/, GV Ac” = 0.0092 (58)stat (14)syst GeV*

We apply a correlated fit based on the HQE expansion

Prc+ Pr—pPis  Ac’

3mh I’?v'lﬁ

_ _ 2
mp AM(my) = gcc(mhamb)uc( b) +
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Analysis of AM

Check: HQE expansion parameters from M2 — M2

As a consistency check, we repeat the analysis for the quantity sz — I\/l,%s, whose HQE expansion reads

4 . 2p3+ % — pis + 2huL(Ay) | Ap
MZ\/—M§S=gCG(mmmb)MZc(mb)+* ze 13 o o )+7

3 i 2
Results of the AM analysis
0.60 T e (ip) = 0.250 (18)sat (8)syst GeV’
oss | 1 e+ 05 = ol = —0.143 (57)crar (21)syst GeV
< 0so0f — 2 2 .
& 1 Results of the My, — Mg analysis
~, 045 B
= ] pZ(mp) = 0.270 (17) GeV?
s> 040 1 2 3
1 Pl +0a — pis + 2Aug(My) = 0.164 (46) GeV
035 - E Ap* =0.010 (8) GeV*
\ \ \ \ \ 1 3 3 3 3
0300 - o P o = p.¢+pa— pLs = —0.134 (67) GeV

1/ (Gev)
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Conclusions

Final Results and conclusions

o A precise lattice computation of the pseudoscalar and vector masses up
to 4m,, using the gauge configurations of the ETMC with Np =2 +1+1
at a ~ (0.06 — 0.09)fm and M, ~ (210 — 450)MeV.

e We adopt the ETMC ratio method in the kinetic mass scheme.
e The first unquenched lattice determination of the HQE parameters.

Ay = 4.605 (132) (150)con GeV = 4.605 (201) GeV ,
A = 0.552 (13) (22)cony GeV = 0.552 (26) GeV ,
12 =0.321 (17) (27)conv GeV? = 0.321 (32) GeV?
pz(mp) = 0.253 (21) (13)cony GeV* = 0.253 (25) GeV? ,
P — par — pe = 0.153 (30) (17)cony GeV* = 0.153 (34) GeV* ,

pic+ ph — pis = —0.158 (71) (45)com GeV® = —0.158 (84) GeV? .

()conv: conversion from the MS to the kinetic scheme at the charm mass.
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Conclusions

Final Results and conclusions

In the BPS limit 42 = p% and p} + pis = 0,
o (p2 — p%) = 0.064(19)CeV?, deviation of 20 — 25% from the BPS limit,
o (pd 4 pis) > 0.317(65)GeV?, 4.9 — 3.60 from the BPS limit.

In this work p2 and p%(ms) refer to asymptotic matrix elements, while
semileptonic fits are sensitive to

3 1.3
Prr =+ 2PxG ~
prls = gl =TI £ O(1/m)

3., 3,13
p5 + pa+ 507 _
He(m)ls = p(me)loe + =2+ O(1/ ) |
Recent determinations:* 12 |g = 0.432(68)GeV?, u2|g = 0.465(68)GeV?

imposing pZ|s = 0.35(7)GeV>.

We can say,
——

3 L3 = —0.51(35)GeV? SR L3 3 0 I S 0.51(35)GeV>

Prm t 5 Prg = —05135)GV",  ps+pa+ o prg + SPxG tPrx >0 Pst Pt Spng > 0.51(35)Ge

= p2ls = p|oo + 0.11(8)GeV? = 0.36(8)GeV?2.

Thank you for your attention.

15

#[arXiv:1606.06174[hep-ph]],[arXiv:1411.6560[hep-ph]]



[ [_m A pe | 27 N we(m) | a0 )
mp 1.0 0.905 0.910 0.886 0.572 -0.488
A 0.905 1.0 0.999 0.999 0.497 -0.420
o 0.910 0.999 1.0 -0.998 0.501 -0.423
0 0.886 0.999 -0.998 1.0 0.484 -0.408
;Li—(fﬁb) 0.572 0.497 0.501 0.484 1.0 -0.995
Ap® -0.488 | -0.420 | -0.423 | -0.408 -0.995 1.0

Correlation matrix among the b-quark mass and the HQE parameters of the dim-6 analysis

I [ m [ A M pr 1 o8 [[uem) [ 40 [ A0" ]
P 10 0910 | 0811 | 0394 | 0.196 0538 | -0.440 | 0312
A 0.910 10 | 0886 | 0439 | 0223 0466 | -0.375 | 0.260
1 0811 || 0.886 10 | 0082 | 0568 0443 | -0.362 | 0.258
0’ 0394 || 0439 | 0082 10 | -0.693 || 0.151 | -0.108 | 0.057
o 0196 || 0.223 | 0568 | -0.693 | 1.0 0155 | -0.137 | 0.111
12 () || 0538 || 0466 | 0.443 | 0.151 | 0.155 1.0 -0.993 | 0.961
Ap® 20440 || -0.375 | -0.362 | -0.108 | -0.37 || -0.993 10 | -0.986
Ao” 0312 || 0260 | 0258 | 0.057 | 0111 0961 | -0.086 | 1.0

“Correlation matrix among the b-quark mass and the HQE parameters of the dim-7 analysis
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