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o V,and V , determine height of
CKM triangle

o Consistent discrepancy in difterent
measurement methods for V , and
V_,in the last 15+ years



Inclusive vs Exclusive
A long-standing puzzle

o Inclusive decays consider all
B — X, pv decays

o Exclusive decays consider one
specific B — X, uv decay, e.g.
B — D*uv

o Discrepancy is not just an ,aesthetic
problem”, it limits the pre<31s10n of
e.g. the prediction on g ~ V7,
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Sum-of-exclusives

»1ne whole is more than the sum of its parts”

Instead of a ,true” inclusive
measurement, sum all final states.

Pioneering measurement by CDF
(from 2005!), however by now
outdated by knowledge about the
D** spectrum

DU ™) spectrum complicated by
interference effects.
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Plenty of B mesons
Provided to you by the LHC ’ /

o LHCb reconstructs many By and A}
hadrons.
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e DU) has mostly well-separated
resonances - no interterence effects
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H non-resonant
e BY — DU™)¢y abundant at LHCb. 10 V/ W
o But how do we actually determine 1 w{ M
V., ? e, Y
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Heavy Quark Expansion

And Its parameters

e Decay rate of B - DU™¢y given
by V.., and expansion in 1/m; with
perturbatively calculable parts
and non-perturbative parameters.

o Corrections only enter at 1/ mlf

o Need to determine u_, 1, pp and p; g
from data.




Moments

Now wait a moment

o Can link y_, us, pp and p; ¢ to : 2 2 \\n 2 n 1 dlsp .
’ ° Mn = {((m5% — (m — miyy — M dmiy.
statistical moments of the E7, g* or g = {mi))™) / N dm?2, 1

2 2 3 3
My spectra. M; = 4.85 + 0.30cr, + 0.46—2C— — 0.68-"— 4 0.99-PD_ _ .19 FLS

GeV?2 T GeV? GeV?3 GeV3'’
2

2 3 3
o E*and g° not directly accessible at 12} = 0.28 + 1.47a, — 0.302C_ 1477 760D .28 PLS

LHCH. b e lus: , GeV? GeV? GeV3 GeV3'’
, but sum-oI1-exclusives niy 1s. , u2, 102 i i
M3z = —0.058 + 3.3cs + 0.04 3.6 7~ 1 23.96 -0.96
C ’ TS T GeV? GeV? GeV?3 GeV?

e So all we need to know is the
my = mpee) spectrum, and we can

extract the non-perturbative
parameters of the HQE



Current knowledge

Of semileptonic B decays

e 1 ground state,
1 excited state,
4 higher excited states,
,non-resonant contribution

e Each D" meson has different BRs
into different final states - need to
know at least one precisely:.

BY Decay B|%| (Conf. A) | B[%| (Conf. B)
BY — X 7, 10.054:0.31 10.0540.31
BY — D~y [38] 2.444-0.23 2.444 0.10
BY — D*t (1, [38] 5.340.5 5.30 4-0.22
BY — DX 0~ v, (see text) 0.340.3 0.3040.03
BY — D01 (see text) 0.340.3 0.30+0.03
BY — DY, 0.98+0.20 0.9820.05
BY — D0y, 0.58+0.20 0.5840.04
BY — DMK, (see text) 0.15+0.15 0.150+0.015




First two states

. 5 103 Phys.Rev.D 101 (2020) 7. 072004
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First excited states

Below threshold

e The first two higher resonances are below the DK threshold, so
exclusively decay to D, mesons.

° %(BO—)D M U)

« No measurement has been published. We assume 9% = (0.3 £ 0.3) %
.+ B(D — Dfn") known with about 20% relative uncertainty.

. Soft 7Y makes the reconstruction inefficient, but clearly doable.

PRL 92,012002
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.+ D} — D}n*n~ also seen and experimentally easier, but a bit larger uncertainty
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Second excited states

Above threshold

* The second two higher resonances are above the DK threshold,
and decay to DK mesons.

e BB - Dluv)

Measured by D@ and LHCb with about 20% relative uncertainty. Easy to
improve.

BD — DY K*) known with about 15% relative uncertainty, thanks to
recent BESIII result, arXiv:2407.07651 (not yet used in the following)

Experimentally easy, reconstruct D™ as D,

e BB, — D uv)

Measured by LHCb with about 35% relative uncertainty. Easy to improve.

%(D:; — DYK™) with about 15% relative uncertainty, thanks to recent
BESIII result, arXiv:2407.07651 (not yet used in the following)

Experimentally easy
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Even higher states

- Phys.Rev.D 80 (2009) 092003
T T ]
o 20000 | (0) -
e Resonances with higher mass than the D:2+ have %o _ l
been observed. EISOOO i )
. 0 * — . 1 0 o O
o Measgrmg AB(B; - D uv)with D ;- — DK™ is . 0000 | ) )
expegmentally straightforward, but 2 e T
B(D’F — DK*) cannot be measured at LHCD. g _ ..
+ 5000 |- . o
o Might be possible at Belle II (?) ‘ Jf—’“’“ﬂ\\*"»m
N S L 1
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s2Non-resonant decays
And their modelling

e BY — DYK*uv has been observed at LHCb, but
no branching fraction was published.

o For this study we extract the shape from a
,2modified Goity-Roberts model” (used for
B — Dntv), accounting for the K — «
difterence.

e A new approach is under development,
following arxiv:2311.00864 for B — DV

(E. Gustafson, F. Herren, R. S. Van de Water, R. van Tonder, M. L. Wagman)
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Total Branching fraction

o Summing up all exclusive branching g (B))/T(BY) =1 — (0.018 £ 0.008)
fractions, including an estimate of
the non-resonant contribution from
Phys.Rev.D 100 (2019) 3, 031102, we
got more than the prediction for the
semileptonic branching fraction

o Given the uncertainty on the non-
resonant component, we
constrained it to:

e B(BY— X uv)=(10.05+0.31)%

] @(BS N D(*)OKJ“fl/) = 955(88 — X Uv) — 2 B o

res
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The spectrum

Of semileptonic B decays
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SM ,,predictions*

And where they are coming from

e U can be obtained from B: 0 _ BS

4
2 2N 2000
hyperfine splitting. o (Mpe = mpgy) = 3 HG(Bs) + O(1/my)

u2(BY) = (0.35%0.07) GeV?
e 4_can be obtained from the BS/BO

and DY/D" mass differences e 12(BY) = (0.58 £0.10) GeV?>

e ppcan be linked to the decay e pi(BY) ~ (0.26 £0.03) GeV>
constant

o For p; ¢ we take the value from B’ e pdB) ~—(0.13%0.10) GeV-

and increase the uncertainty due to

SU(3)y breaking eftects
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Fit to spectrum

And value of moments

Moments Conf. A M, M, | Conf. B M, M; | L=0and L =1

o Contf. A uses the currently

. . . M; [GeV?] | 4.824 0.08 0.74 0.55 | 4.78+£0.02 0.72 0.45 4.7940.02

known experlmental precision o
M [GeV*] | 1.36 & 0.29 0.96 | 1.2240.05 0.90 0.824-0.09
M}, [GeVO] | 4.7 + 1.8 3.86+0.28 1.0740.11

o Conf. B a future with improved
precisions

e L=0andL =1 only considers
spin 0 and spin 1 resonances

o Using these values, and
constraining u and p; ¢ we can
obtain ,measurements” for all
HQE parameters
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Fit to spectrum

And value of HQE parameters

e We obtain:
e 1>=(0.46%x0.12) GeV~ vs (0.58 = 0.10) GeV~ (predicted)
uz(BY)
—=—~0.96
u7(B")
e pi=(0.16£0.06) GeV- vs (0.26 + 0.03) GeV" (predicted)
pR(BY)
——— ~ 0.86
pp(BY)

o 'The constrained values of u; and p; ¢ are very close to their input values.

and therefore

and therefore
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vV, and correlation

Between HQE parameters

. Usin% the experimentally measured

BB - X £v) = (9.6 £ 0.8) %

\)

e We calculate V., = (41.8 +2.0) - 107

o Largely driven by branching fraction
number.

e Strong correlation between pg and //t,%

3,

35 C . Conf. A
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Towards precision

Many interesting things to tackle

. 95’(BSO D u~v) and %’(BO — D*+ u~v) are the dominating contributions. Need a
precise measurement of the branchmg fractions (mostly experimental task)

e (Improved) measurements of %’(BO — D**J“ 1~ v), and measurements / predictions of
B(D3 — DFX) and 95’(DJr D+Y ) (theory & experiment)

o Improved theoretical & experimental treatment of BY — DKy ~v decay
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Conclusion

o Presence of mostly narrow resonances in B) — X #v allows for a sum-of-
exclusives approach to an inclusive measurement.

o Performed a proof-of-concept study, using literature values as input to the
spectrum and the SM ,predictions".

o Most input measurements can be theoretically and/or experimentally improved.

o With these improvements precise values for the HQE parameters (and V., ?) can
be obtained.
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Decay channels

2 D Dy, D3
2317.8 £0.5 MeV 2459.5 £ 0.6 MeV 2535.11 £ 0.06 MeV 2569.1 = 0.8 MeV
< 3.8 MeV < 3.9 MeV 0.92 &= 0.05 MeV 16.9 == 0.7 MeV
Din%  10019,% | Dit 48 +11% | D*T K 85+ 12% | D°K* seen
D~ <5% | Df~ 18 +4% | D*K ™ 100% | DTK{ seen
DT <6% | Dfntn~ 43+13% | D*n~ K+ 28+0.5% | D*T K seen
Divy < 18% | DIt~ <8% | Dfrtm~ seen
D3y 3.7150% | DT K© < 34%
DK™ < 12%

Numbers before update by BESIII



