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The Kinematics

M — (D(*)(pD(*)rmD(*))l}[hadlB(pB’mB)) X Mlep

q =P —Pp®» q2 : invariant mass of the

leptonic state

* Parameterise the hadronic part with form factors

 Form factors calculated either in lattice or in
Heavy Quark Effective Theory.




Observables

Branching Ratio

dQBD(*) - - . 5 G2 |Vcb’2q2
I d(i:os@) = Nlppw] ( 7 by cosf+c T cos? 9) N = 256;3M2 (
(%) ® 2 pm \/A Mg, Mp), 4
BD — fN’pD(*) (20,? + = 3 ? ) dq2 [Ppe| = oM,
RD & RD*
p _ B(B—DYrw) Ryl bin] = 5514 binl
() = — - D g Dbl = y
P B (B — DWii,) BPY [¢2 bin]
Tau Polarisation Forward-Backward Asymmetry
(+) (+) /2 er” m er” (
T 1—\71-)(*) (_|_) _I_ 1—\?(*) (_) FB fOTr/Q dFD d9 fTr dFD( )dQ FD(*)




List of Observables

Experimental Results

Observable SM Prediction
Experiment Measured value
Belle 0.375 = 0.064 £ 0.026 0.299 + 0.011
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B - D Form Factors: Definition
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B - D Form Factors: Plot

Lattice Calculation
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B - D

(D*(pp+, Mp-)|cv,b|B(ps, Mp))

(D*(pp+, Mp+)|cv,75b| B(ps, MB))
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(D*(pp+, Mp-)|evsb| B(ps, Mp))

EOWMB(PB,MB»
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Form Factors: Definition

V(g?)

€*.q s €4
2 M p- 2 C]u+ (Mp + Mp-) {e“ — ?QM] Ai(q°)

g vx_ P O

€*.q M2% — M3,
" Mg+ Mp. [(pB + Pp*)p — 7 2 C]u] As(q”)
0
2M p+
. *. A 2
‘ qmb—l—mc O(Q)
_Suuaﬁ |: - €Oé*(pD* +pB)T1( 2)

2

+2 q2qp%pp ([Tl(qz)} —[T;z(q2)}— i 3

)]

—2€ 06" PPPAT (¢°)



B —» D* Form Factors: Plot
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Operator Basis

(O% = ey ity Pl (O = e bl Prr]
OfL = [ 75 ][0 Pr V] ch = [67" 75 b][€ 7 Prv]
O = [eb][¢ P v] OX = [cb][l PrV]

\ng’fj = [ b][[¢ PL V] ) OXE = [e75 b][[¢ Pr V]
OH =[ea" b|[l 0, PV %)Cbe = [co™ ][0, PR V]/

* Only take these!

e Consistent with the SM gauge
symmetry

Cap = —1

CVL=1

* Tensor operators not
taken in the account

L]

* Not taken into account
* (Appearsin the appendix)

We provide the analytical expressions
for all operators




Independence of Rp and Rp-

OC"K = [cy" b][€, P V] B-D B —>D*:
O = [e4" 5 ][0, Py v/ B > D*
[@CW = [eb][l Py v] B - D

O3 = [ers bl P, 1] B-D
[C’)%bfi = [co™ b][€ 0, Pr V] B-D B - D*}

* Rp & Rp+ are independent observations

* Attempt to explain one at a time



Explaining R,

* Rp dependenton: Cy; and C¢;
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Binned Rj :
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Tau Polarisation and FB Asymmetry
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Explaining R

* Rp: dependenton: Cy;,Ct and C§;
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Binned R+ : Prediction
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Tau Polarisation and FB Asymmetry
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Differentiating
Between the
Scenarios

 (Can differentiate between
the different Wilson
coefficients

* Urged experimentalists to
make this measurement



Summary

* Rp and Rp+ - long standing anomaly with the SM

Model independent analysis using six-dimensional operators

Independent explanations

P, binned Rp+ and forward-backward asymmetry:
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‘Old” and ‘new’ operator basis

Loget = QG\g/“*’ (GO + C 0P + Ot oSt + CR O + O 0t - C o
+ C;bé' O;bf + C;:bﬁ’ O;bé" + ché’ ché’ chﬁ chf ) (2)
Lt = % (chf Obt 4 oM’ — che”) Ot — % (Cjb{’ + Ot 4 Ot C;bf’)
OBt — % ( Ot 4 ot Cgbf chf’) ot — % (_ Mt _ C;bf 4ot 4 C;bf’)
OB = % (chf C 4 oM’ _ O;:bf’) O = % (Cgbﬁ + O oM Cfgf’)
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Expressions: B = D
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Expressions: B —» D*
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Expressions: B — D™ (contd.)
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b
O (2)

v2(x) = (x — xo)T V™! (x — x¢) where x = (a

Vij = 0:(x) pij0;(x)

y? < 1.646

Errorsin B - D Formfactors

3
E + .k
a, <

k=0

o

ay af _ ay  ag ag aj  ay  aj
Talues 0.01261 -0.0963 0.37 -0.05 | 0.01140 -0.0590 0.19 -0.03
Uncertainties | 0.00010 0.0033 0.11 0.90 | 0.00009 0.0028 0.10 0.87
ag af a3 a3 ag ay ay aj
ag | 1.00000 0.24419 —0.08658  0.01207 0.00000  0.23370  0.03838 —0.05639
ay 1.00000 —0.57339  0.25749 0.00000  0.80558 —0.25493 —0.15014
a3 1.00000 —0.64492 0.00000 —0.44966  0.66213  0.05120
ai 1.00000 0.00000  0.11311 —0.20100  0.23714
al 1.00000  0.00000  0.00000  0.00000
al 1.00000 —0.44352  0.02485
a) 1.00000 —0.46248
al 1.00000

+

+ .+ 0
001 a3 . ag . ay, dy, as, ay)

o 0



o () =Ry (w)ha. () HQET Parameterisation

hoa, (w) :Rg(w} — Ra(w) ha, (w) ha,(w) =ha,(1)[1 — 8p5.2 + (53pp. — 15)2° — (231ph. — 91)27]
27D+ Ry(w) =Ry (1) — 0.12(w — 1) + 0.05(w — 12
b (w) Ra(w) +R3(w)hA (w) Ra(w) =Ra(1) + 0.11(w — 1) — 0.06(w — 1)°
A 2 ! Ry(w) =1.22 — 0.052(w — 1) + 0.026(w — 1)?
1 mp — M 2 w(g®) = (M3 + M. — ¢%)/2MpMp.
h = 1 —7rpe 1)h
A T S w——— [MB “ar,. LT W D) s (w) _Jari-v
me. +m Vo +1+4++2
b c 2
— 1 . —1)h
(1—=r3.)(w+1) my — m, my + M
h _ / — i 1) = 1.406 + 0.033
) =41 — 2rpw) | My = My ) T Ay w21y, V) Fa(1) =140
Ry(1) = 0.853 % 0.020
hr, (w) 1 T e e (w+ 1) hay () 2 =1.207 £ 0.026
w) = — * « = 1. .
Ts 2(1+TD*)(1+T%}* —QTD*’IU) ﬂfg—ﬂvﬂfﬂ* b A1 Pp
my — Me ha, (1) =0.906 + 0.013
- (1+ 7D = 2rp-w)(ha,(w) — rp-ha,(w))
Mg — Mp-

my + Me
Mg + Mp-

(1 +’*‘°D*)2flv(’w)]



Both decays simultaneously
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* Choose the Cy; — C4; plane

o7 € [1.073, 1.222]
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To explain both, need

CVL — _CAL = 107
2

OP: “NE [cy P, b][€y,PLv,]

=> A = gyp X 2.25TeV



