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Experimental Status of R(D(*))
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['(B = Dvy) « |V,p|? G(1) =hy (1)
['(B = D*¢V,) < |V,p|? F(1) = hy, (1)

Specific final
state meson

D,D*

Hadronic Matrix Elements can not be calculated from first principles
— Can be parameterized with form factors hy = hy(w) and extracted from data
— Lattice QCD must provide (at least) inputs on their
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BLPRXP Form Factors for B = D™ £v,

Form factors in the framework of HQET:
B — D¥fv,and B — D*¢v, are linked

Expansion to order ,0(1/(mpm,))
+32 - +3
_ [ ! ‘ Proliferation of
(H¢|cTb|Hp) 1 1 1 non-perturbative
oc 1+ —+ + + P
[my_my, 2m,  2my 4dm.my, parameters
\ y J \_'_I
+3 +20 - +1

Supplemental power counting in the transverse residual momentum yqu

— Drastic reduction of the non-perturbative parameters

Leftover Isgur-Wise functions to be fitted determined by Nested Hypothesis Test on data
— Determination of |V, | and the B — D™ £v, form factors

— Prediction of R(D™)
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Nested Hypothesis Test

* The free parameters in our model are

* entering at zero-recoil:

* and beyond: : , £2(1), £3(1), @1(1), B2(D), B3(1)
* Nested Hypothesis Test to determine

 Starting point are the parameters contribution at zero-recoil
* Subsequently add parameters to the model in all combinations

e Test alternative fit hypothesis with cut-off Ay? = y& — x5, <1
* Reject combinations with highly correlated parameters



dr /dw [10715 GeV]

Experimental Inputs

« A)Belle B— D¥v, tagged ‘15 - Only use shape and BR world average
 B)Belle B - D*#fv, untagged ‘19

* C)Belle B —» D*#v, tagged ‘23 - Updated measurement wrt ‘17 BLPRXP '23 Fit B — D(*){)Vf
e Today: Only use measured spectra BLPRXP’23 B — D(*)TVT
A) B - D{v, B) B — D*fv, C)B —» D*¥v,
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BLPRXP '23 f, /0, hy, (1), B » D¢,
BLPRXP '23 f /o hx(w), B > DM ¢7,
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V.| from BLPRXP

non-zero recoil lattice inputs:
* hy, (w) only has good p-values
* full set hy(w) results in worse p-values

V.| = (39.1+ 0.5) x 1073
using f1. /o (W), ha (W)

with the same NHT hypothesis
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—— L, (Belle 15,19.23) , p=0.212 £, ,4(w)
hAl(W)
—— FNAL L5 .- p=0.288
e FNAL L25 . p=0.024
—— Juaep L L p=0.092
—— JLQcD LY . p=0.031
—— HPQCD L)Y . . p=0.235
—— HPQCD L. ., ., p=0.007
—— FNAL+JLQCD+HPQCD L, %] .. ., p=0.261
—— FNAL+JLQCD+HPQCD L2 p=0.002
— CKM Unitarity
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R(D™) Predictions — Lattice Inputs

Prediction depends on the lattice input, but is compatible within uncertainties
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R(D™) Predictions — Experimental Inputs
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Small tension in the R(D")
prediction using different inputs.
—> Safety factor of 2 applied in our
final prediction
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R(D™) Predictions — Model Dependence
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R(D™) Predictions — Impact of Updates
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R(D™) Predictions — vs. Experiment

0.32
e The picture with respect to the
R(D) ) .
HELAV Summer 2023 experimental measurements did not
0.30 - change, still a strong tension!

R(D) = 0.289 + 0.003
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E(w) = h(w)/&(w)
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Parametric form of the Leading Order Isgur-Wise function

Optimized conformal variable

vwH+l-v2a . 5 w+l 1+
z.(w) = ,  with a° = — : (1)
vw+1++/2a < 2y'rp
Leading order Isgur-Wise function parametrized as polynomial in z,.
W) g g22, 4 16(2c.a* — p2a®)22 + ... (2)
§(wo)

No sensitivity to cubic terms given the current experimental and lattice data.
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Parametric form of G(1)

g(W) 2 ~2 ~ 4 N2 2\ 2
=1-—-8a"p,z, +16(2¢.a” — p.a“)z; + ..., 3
Gin) Rz, +16(2¢,2° - fla?) 3)

Major axis of doom:
& ~ [(Vo1r + 16a%) 52 — Vag]/32a%, (4)

p2 — ﬁz + E’Jr(WO) - pDFIL(WO)
"7 hy(wo) — pph_(wp)
P - ot
= &t 20242~ 7) — e ) Z PO )
hi+(wo) — poh—(wo)
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