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Inclusive and exclusive
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e B-factories can measure | V3| inclusively and exclusively. The inclusive measurement is made
possible by fully reconstructing the other B mesons in the event.

e Detectors at hadron machines (=LHCb) so far measured |Vcb] only exclusively, but also have large
samples of Bg and /12 hadrons. No full event reconstruction possible.

e Canwe combine the two?


https://doi.org/10.1103/PhysRevD.101.072004
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[Phys.Rev.D 107 (2023) 7,072002]

e Measuring | Vzp|: Determine the statistical moments of the m (X, ¢* or E} distributions.

e From this information, determine the non-perturbative parameters of the Heavy Quark Expansion.

e Will only talk about m(XC), it’s the only precisely reconstructible quantity at a hadron collider.


https://doi.org/10.1103/PhysRevD.107.072002

"Das Ganze ist mehr als die Summe seiner Teile"
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The full m(Xc) spectrum can only be reconstructed as a sum-of-exclusives (at a hadron collider).

A pioneering measurement was done by CDF using Bt — D® =gty decays.

However, this works best if there are many non-overlapping resonances, avoiding interference.

This is (mostly) the case for Bg — X .4fv decays, but much less for BO/B+ — X Av decays.

The task then is: Measure all exclusive branching fractions of the Bg — X sfV spectrum. o


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.092003
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Heavy Quark Expansion

2 5
T =|V,y[? GEmi ()

19273 T
2
© 0y, @) a), () @ . ) r P
o () + =~z + =) 2 )+ B(BY - Xeol 71) = 66.85|Vaal? | (1= 125 ) — 0.4002 - 0.1702 — 19125
b b
2 g 2 3 3
+ % (zé")(r) + %%U(T) +.. ) +a, (—0.39 +0.36%) - 16.6857133 + 1‘91%
b b b b
i (0) as(w) (1)
28 (W0 + 20000+ .
3
[N 0) as(k) )
+ 2 (400 + B0y 4 . | drg
m " M = (miy)") = [ my) G oy
p s(u
2 (00 + 200+ ) 4 2 e
!
b M = (kg = m))") = [ (mdy M) G Sdmy.

o= %Zyzzz perturbatively calculable parameters.

° L, N2G’ pgb, p?i g non-perturbative parameters of interest.

e Link non-perturbative parameters to moments of hadronic mass spectrum.



What is the spectrum?

e Assaid before, all we need to know is the branching fraction of the Bg — X slV decays.
e And the branching fraction(s) of the X .s — XY decays.

e And then we can build ourselves as spectrum, measure the moments and determine the HQE
parameters



What is the spectrum?

Describe what you want to see

hadronic spectrum of semileptonic
Bs meson decays

50/4000




What is the spectrum?

Describe what you want to see

hadronic spectrum of semileptonic
Bs meson decays
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e Well then, let’s look at the contributions one-by-one.
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Ground and first excited state
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Ground and first excited state
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B(BY— D:"lv)
e Known with about 10% relative precision.

Possibility for a further reduction (?)

e B(Dit — DF ) known to about 0.5% relative precision. e


https://doi.org/10.1103/PhysRevD.101.072004

First two higher excited states

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

B(B?— Diitv)
¢ No measurement has been published. We assume (0.3 £ 0.3)% BR

° B(D:(T — D;—T('O) known to about 20% relative (and absolute) precision (measured by BESIII).

e Then'is very soft, resulting in a small reconstruction efficiency, but clearly doable.
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e The first two higher resonances are below the D K threshold, so exclusively decay to D;‘ mesons.
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0 "+
¢ No measurement has been published. We assume (0.3 & 0.3)% BR
° B(D;"{ — D:Jrﬂ'o) known to about 20% relative (and absolute) precision.

e Thenis very soft, resulting in a small reconstruction efficiency, but clearly doable.

’
e Thedecay D,f — D also exists, with 18% BR.



Second two higher excited states

e The second two higher resonances are above the D K threshold.

B(B?—
e D) and LHCb, ~20% relative uncertainty. Easy to improve.

° B(D;’1 — D*OK+) about 15% rel. uncertainty (new BES result).

e Experimentally "easy”, D*9 can be reconstructed as D°
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Second two higher excited states

e The second two higher resonances are above the D K threshold.

0 + s
B(BS _> Dslglj) é
e D{) and LHCb, ~20% relative uncertainty. Easy to improve. g

° B(Dg1 — D*OK+) about 15% rel. uncertainty (new BES result). i

e Experimentally "easy”, D*9 can be reconstructed as D°

0 *4
e | HCb, about 35% relative uncertainty. Easy to improve.
° B(D:;r — D0K+) about 15% rel. uncertainty (new BES result).

e Experimentally "easy” to reconstruct

[Phys.Lett.B 698 (2011) 14-20]
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Higher resonances

e Higher resonances exist and have been observed.

e They are not considered for this study.

e Measuring a branching fraction B(BY — (DT — DK T)lv)
is experimentally not difficult, but B(D:}' — DKT)
is not doable at a hadron machine (or very hard)

e How about Belle 2?
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Non-resonant decays
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° Bg — DY K ¢u has been observed in LHCDb, but no branching fraction value has been published.

e We extract the shape from a “modified Goity-Roberts model” (describing B — D7 /v decays),
accounting for the K - 7 difference.

e Lately a new, model-independent approach for B — D7 {v decays was presented - can it be
applied to Bg — DO K */0v decays as well? - Yesterday | learned, it will!


https://doi.org/10.1103/PhysRevD.100.031102
https://doi.org/10.1103/PhysRevD.51.3459
hhttps://arxiv.org/abs/2311.00864

Total BR

T's1(BY)/Tsr(B%) =1 — (0.018 & 0.008).
B(B? — X~ ;) = (10.05 4+ 0.31)%,

e Summing up all individual BRs, including an estimate for the non-resonant contribution from
Phys. Rev. D 100 (2019) 3,031102, and using isospin-arguments, we found the sum larger than the
theoretical prediction for the semileptonic BR.

e This needs to be updated with the BES Il measurements for B(D; — D**K ) and
B(D%f — D°K)
e What we did instead is to constrain the non-resonant contribution to be the difference between the
6 resonant decays and the theoretical prediction.



Resulting spectrum
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Resulting moments & HQE parameters

Moments Conf. A M, M; | Conf.B M), Mj|L=0andL=1
M [GeV?] | 4.82+0.08 0.74 0.55 | 4.7840.02 0.72 0.45 4.79+£0.02
M}, [GeV?] | 1.36 + 0.29 0.96 | 1.22+0.05 0.90 | 0.820.09
M [GeVO] | 4.7 +1.8 3.8640.28 1.07+0.11

e Use hyperfine splitting (mQB;O - mQBg)) = 3Cmaghtc2(BY) + O(1/ my) to obtain constraint
for 2, (BY): “eB2) _ 1 144 0.10
He\ sl 2 o) = '
e Take p?is from B° decays and increase uncertainty to account for SU(3)F breaking:
P 4(BY) ~ —(0.13 £ 0.10) GeV?
° ,u?r and p?b are left free in the fit.



Resulting moments & HQE parameters

e \We then obtain:

° 2 = (0.46 +0.12) GeV? and therefore Xz EBS; ~ 0.96

* 4} = (0.16 % 0.06) GeV? and therefore £} ggi; ~ 0.86

e The (constrained) values of uZ,(BY) and p? 4(BY) are very close to the input constrains.

e The main reason for the low values of N?r and p?b is the small value of Mé 4.7 GeV) compared to
the prediction (8.8 GeVY).
e This might be due to an underestimation of higher-mass resonances in the toy model.
e This needs to be updated with the new results from BES Ill on the D:l and D:; branching fractions.
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e Using the experimentally measured B(B? — X/v) = (9.6 4+ 0.8)%
we calculate | V| tobe (41.8 + 2.0) - 1073,

e While /ﬁr and p?’D are strongly correlated,

Vep| only exhibits a weak correlation to u%.



What is needed to turn this into a (precise) measurement?

e Animproved measurement of the Bg — D;‘KV and BS — D;H'KV branching fractions (mostly
experimental).

!
e Measurements of Bg — DZJZV and Bg — DS'{EV (experimental), including solid predictions
!
(or measurements) for the D:(')" and Ds'f decays (theoretical / experimental).

e Updated measurements for B — D, v and B — DX v (experimental)

e And an improved handling of the non-resonant contribution (theoretical/experimental).



Conclusion

® Presence of mostly narrow resonances in hadronic spectrum in Bg — X sl allowfora
sum-of-exclusives approach to an inclusive measurement.

e Performed a proof-of-concept. It shows a significant difference in p?’D for Bg compared to B and
to the prediction, most likely coming from a mismodeling of the X ¢ spectrum - clearly needs more
study.

e Most input measurements can be experimentally and theoretically improved. Most importantly, the
decay Bg — DYK0v needs a better understanding.

e \With these improvements, a precise measurement of the HQE parameters in semileptonic Bg

decays can be obtained.



b-A-c-K-u-P



Dy D} D} D3
23178 +05McV | 24595 + 0.6 MV 2535.11 +0.06 McV | 2569.1 & 0.8 McV
< 3.8McV < 3.5MeV 0.92 % 0.05 McV 16.9 + 0.7 McV
Din® 100%9,% | Ditr® 48 +11% | D*+KQ 85+ 12% | DOK+ seen
D~y <5% | Dy 18 £4% | DK+ 100% | DTK$ seen
Dity <6% | Dfrtn~ 43+£13% | DTr~ Kt 2.8+05% | D*TKY seen
Dfyy < 18% | Dty < 8% | Dfata~ seen
Dy 3.7559% | DYKO < 34%
DK+ < 12%




BY Decay

B[%] (Conf. A)

B|%] (Conf. B)

BY — X lvy 10.05+0.31 10.05+0.31
BY — Dt~y [38] 2.44+0.23 2.44+ 0.10
BY — D, [38] 5.3+0.5 5.30 +0.22
BY — D1, (see text) 0.340.3 0.30+0.03
BY — D0 iy (see text) 0.3+0.3 0.30£0.03
BY — Dt~y 0.98+0.20 0.98+0.05
BY - D51, 0.5840.20 0.5840.04
BY — DWK (7, (see text) 0.1540.15 0.15040.015




