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Motivation

= Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, arXiv:1603.06711

= HFEAG Average

= SM prediction
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R(D), PRD92,054510(2015)
R(D*), PRD85,094025(2012)
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= BaBar, PRL109,101802(2012)
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Deviation from the SM Is at the 4o level
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Summary of experimental measurements

List of Observables

Experimental Results

Observable SM Prediction
Experiment Measured value
Belle 0.375 + 0.064 + 0.026 0.299 £ 0.011
Rp BaBar 0.440 + 0.058 4 0.042 0.300 + 0.008
HFAG average | 0.397 £ 0.040 & 0.028 0.300,7 512
Belle 0.293 + 0.038 4 0.015
Belle 0.302 £ 0.030 £ 0.011
Rp BaBar 0.332 & 0.024 £ 0.018
LHCD 0.336 + 0.027 & 0.030 0.252 + 0.003
HFAG average | 0.316 + 0.016 & 0.010 0.254 + 0.004
Belle 0.276 + 0.034 ;70052
Our average 0.310 £ 0.017
B(B — Drv.) | BaBar 1.02+0.13+0.11% | 0.633+0.016 %
B(B — D tv.) | BaBar 1.76 £ 0.13 £ 0.12 % 1.27 £0.09 %
B (B — Di,) HFAG average | 2.13 + 0.03 + 0.09 % 2.11,75:% %
B(B — D'ly) | HFAG average | 4.93 + 0.01 £+ 0.11 % 5.04,3 38 %
_ 0.325 =+ 0.009
P, (B — Drr,) ot
0.325,"5°01
_ . —0.497 £ 0.013
P, (B— D'rv,) | Belle —0.44 + 0.47 57
e —0.497 + 0.008

—0.360;"5 001

0.064 + 0.014




ch€ ch€+ chﬁ chﬁ + chﬁ ch€+ C cbt’ chﬁ
9 9 9 9 10 10

cbl ~cbl cbl ~cbl’ cbl A cbl cbt’ cbl’
CM O+ CHl Ot + et ot + CcM O

chﬁ chﬁ + chﬁ ch€

uvaglco™” bl o™ v
L
)

@~ Pr 0[Py, 1]
@" PR b|[Py,vs V]
(@P R b][Pv]

@ P R bl[[Pys5 V]

(@ o b|[Po,, s V]



,;;{

i

Ot = [@~" b][Py, Pr v OLE = [ “b]["! . Pr#
Oxt’ = [@+" 75 b][8y,, P V] O = [e!*150][") , Pr#]
02 = [@b][PP, V] O = [eb][" Pr#]
O = [@s b][[PPy, V] O = [¢! 5 b][[" Pr#]
Ot = [@ o' b][Po,, Pr V] 0% = [e$" b]["$ ., Pr#
. cbl cbl __
SM: C&f =1,0% =
1° / 1 / /
O =5 O — il + O — O CSH = 5 (2 + ' + c' + o)
|
L° / be 1 be be be be’
Cff =5 —C O+ s - o O = 5 (—C — g e+ ')
L / / be 1 b be be’ be
C(S:liﬁ _ 5 | chﬁ CCbE Cgbﬁ . Clgrbﬁ C{:/R — 5 <CC 4+ CC + Cg + OC )
C]gtg — 1 . _CCbﬁ + Cgbﬁ + Cgbﬁl o Crg:bﬂl Cgbé — % Cgbﬁ Cf(l‘))ﬁ + chﬁ 4+ chﬁ )
C%bf _ gccbe C_(Fb; C%% _ (ché chﬁ)

We provide analytical expressilons for all the operators,

fov the ﬁrs’c time in the literature!



Operators q Amplitudes

B — D(*)TﬁT
B — D*Tir
B! Drti
B — D*Tir

B — DY

—’ The two decays B — D*7is, and B — D7 are
in general theoretically independent
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Explaining Rp
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CSL CVL
SM Cvi CsL
(Cst =0) (CvL=1)
[—0.656, —0.342]
lo range of the WC [1.073, 1.222]
[0.296, 0.596]
P.(D) (0.313, 0.336] [0.313, 0.336] [0.408, 0.556]
b [—0.168, —0.022]
Arp [—0.361, —0.358] | [—0.361, —0.358]
[—0.450, —0.428]
mg — 5] GeV? 0.154, 0.158] 0.178, 0.236 0.161, 0.181]
Ry [bi] 5 — 7] GeV? 0.578, 0.593 0.665, 0.888 0.626, 0.752]
. n
b 7—9] GeV? 0.980, 1.003 1.127, 1.505 1.125, 1.502]
9 — (Mg — ]\/’[D)Q] GeV? 1.776, 1.823 2.049, 2.741] 2.294, 3.669]




Explaining Rp
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Explaining Rp

CsL
e
T4 e s
q° (GeV)

(1/N) dr/dq? (GeV™?)

0.4

0.3

0.2

0.1

0.0

- -

PR

=
~
~
So h .
SLON i
~
7 )
’I \\
A -
—
[ 1 1 ' l
4 10 12



Explaining Rp
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Explaining Rp
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Explaining Rp-
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Carpr=-1,0 Cvrpr =10 | CyparL=1,-1
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P, (D) (—0.505, —0.490] | [=0.530, —0.500] | [—0.505, —0.488] | [—0.322, —0.144]
AL 0.050, 0.078] 0.191, 0.207] 0.028, 0.062] | [=0.078, —0.007]
m2 — 5] GeV? 0.103, 0.105 0.120, 0.140 0.116, 0.132 0.124, 0.148
o | BT Gev? 0.331, 0.336] 0.387, 0.457] 0.373, 0.425) 0.390, 0.465)
,D* i ) i ) ] ) ) i i
bin] | [7 — 9] GeV? 0.475, 0.479] 0.535, 0.613] 0.535, 0.613 0.534, 0.610
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Explaining Rp-
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Explaining Rp-
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Explaining Rp and R7, together

B — D(*)TET
B — D*Tti.
B! Dri
B — D*Ttiv.

B — D(*)TET

CsL: 0.656, -0.342 Cpr @ [0.937, 1.710]
[0.296, 0.596]



together

Explaining Rp and R7,
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Explaining Rp and R7, together

A minimum value of C{,, I'" 7, ! 1.07 can explain both Rp and Rp-
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