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Motivation

B a5 Meson semileptonic decay

* Determination of CKM
(For example: |V,| In B—DLv)

« Examination of SM
(HQET, NRQCD, LFQM etc.)

* Hints of new physics
(2HDM, MSSM, Leptoquark mode etc.)



R(D™) Anomaly

B—-Dtv)
R(D) B IB;’??A"((B—>DZV)

x\ _ Br(B—-D*tv)
R(D") = B:"((B—>D*lv)




R(D™) Anomaly

__ Br(B—D1v)
R(D) = Br(B—DIv)

+\ _ Br(B—D*tv)
R(D") = Br(B—D*lv)

1. The theoretical uncertainties of each branching ratio
are large.

|=e,u

2. It mainly comes from the Form Factors and V.,

3. The theoretical uncertainties in R(D'”) are
significantly reduced.
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R(J/y) Anomaly

R(J/Y) = 0.71 £ 0.17(stat) + 0.18(syst)

Br(Bc — J/Ytv)
Br(Bc = ] /yuv) v
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R(J/y) Anomaly

R(J/Y) = 0.71 £ 0.17(stat) + 0.18(syst)
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R(J/y) Anomaly

R(J/Y) = 0.71 £ 0.17(stat) + 0.18(syst)
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Framework

B. - (¢, J/P)lv [

e,u,T
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Quark level



Framework

B. - (¢, J/P)lv [

e,u,T

Vi

Quark level
z— =

S

LO diagrams
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Form Factors

Definition of Form Factors:



Form Factors

Definition of Form Factors:
For B. — 1, transition
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INBC - R
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<M (p2)]q(0)7 /’ 0)|B.(p1)) = Py +Pa)y —

Pseudo-scalar meson
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Form Factors

Definition of Form Factors:
For B. — n, transition

2 2
,”B — 12

(M (p2)|3(0)7,.b(0)|B(p1)) = |(p1+p2)y — ———qu| Fo(q

q-
5) 2
; 771]3 — 1

B 9
Pseudo-scalar meson + 5 (IHFO((-/ b,

q-
For B, — J/{ transition

(W)
N

L"(qz)
M 9 [ B(' - = Suvay "*pl ))— )
( M (p2)]7(0)7.0(0)|Be(p1)) = €uvape ™ pivs m——
- . I * F* “q 2
( M (p2)]7(0)7,750(0)|Be(p1)) = i |€, — U (mp, +m)A1(q")
: 9, 5 / 9
‘l . mp —m- . As(q?)
= + p: B = = p m € =g
Vector meson Pt pe) ¢? (1’] ( (1)1721)>C +m

(e - g)
+ P 0. A0(q°).




Branching Ratio




Branching Ratio

For B, »n lv

dl'(b — cly) G%|Va|® (. _ﬁ )‘1/)( 1) {'37;12 (m2 —m? )Q}F (¢° \2
dq? l()_u3mB G2 2 T B D 0(q”)

+ (M} +2¢°) M@®)|Fy(q°) |2}
/\(q‘z) — (mB - mD — q- )2
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Branching Ratio

For B, »n lv

dr'(b — C[l_/l) GH‘;b’Q omy /\1/)( 2) . DLf B 9212 212

(nz[ + 2¢ ) (®)|Fy(q?) |2}
2

Mq?) = (m% + mb. — ¢°)° —4AmEm3,.

For B, = J/Wlv



Branching Ratio

Longitude part:
dl’ G2V, 2 m A2(¢
‘L _ Gl (1 — —21) & {BmI Aq?) A3 (q?)

dg®>  192m3m; q 24

4my, mp, + my

2, 0.2 2 2
my + 2q ‘ . ; . Aq”) :
i 5 : [(mZBC — mﬁ_{ — qZ )(mp, + '171.-1\_.1)141((]2 ) — ( Ag(qz) :



Branching Ratio

Longitude part:

Lo GVl [ B AED) [a e o s
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Branching Ratio

Longitude part:

Lo GVl [ B AED) [a e o s
— = . 1_—. - . 3 A .14_ ]
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Total differential decay widths:
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Contents

Transition matrix elements:
=> <M‘](A/V)‘BC>
In PQCD factorization approach

X T1[®p,(x1, b)) Dy (%2, by)H(x;, by, t)e ™50



Contents

Bc meson wave function
Op (r,b) =

N (}61 T TT?!BC)#};S(;‘:{)BC (;1?, b)

Bc meson distribution amplitudes

fB

' 1 — x)m? + xm]
— Np x(1 —x)exp {_( )m;

[ P R2 .. Y
op.(7,b) = 35, o(1—2) exp | =205, x(1 — x)b”|

normalization constant Ng. Is fixed by the relation:

In order to analyze the uncertainties of theoretical
predictions induced by the inputs, we set g, = 1.0 + 0.2

Phys.Rev. D97 (2018) no.11, 113001
X. Liu, H.N. Li, Z.J. Xiao



Contents

7. meson wave function

D, (1) = —="5|po" (x) + m,, o°(x)].
Je SN le

1. meson distribution amplitudes

r(l —x) O
r(l —x : ,
(1 =) {1—2.8&?(1—&‘)] |

r(l—x) 07
1 —28x(1—x) |




Contents

J/y meson wave function

p

myefrLot(x) + ﬁ(L}fﬁOT(*ﬂ} )

- .
-~

myefrd (x) + fT}ﬁOT(J?)} .

- -

J/y meson distribution amplitudes

r(l —x) ]O'?
) .

' 1+ (22 —1)*
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Contents

For example : B, — 7,

9 )
B 1727_;C — M 9
< M (1)_))'(1(() A/p[) () |B P1 > = (1)1 +1)2)p o (12 (1;1 F+((1))

ﬂ ) >
\ 4 mp —m

B, 2
Pseudo-scalar meson + 72 4utolq”).




Contents

For example: B, = 1,

2 2
]”H —

(M (p2)|3(0)7.0(0)|Be(p1)) = |(p1+p2)u — o F.(¢%)
|

Pseudo-scalar meson

‘) .)
my — m"
Be 2
+ " quFo(q”),

Define the auxiliary form factors:

Fi(q') = [fl( )+ fald?)]

2 2 q 1 2 q°
Folg") = §f1(q ) [1 + m? m?] + §f2(q ) [1 2 m?] ’

Be Be




Contents

For example: B, = 1,

9
mp, — m- .
(M (|70 HOIBp) = |1+ Pl = “Pg | Fle?)
W m?;c — m?2 (2
Pseudo-scalar meson + ) U 0(q°)

Define the auxiliary form factors:

Filg') = [f1< %)+ falg?)] -
2 2
Fola) = %fl(q ) [1 - m? : m?] * %fQ(qg) [1 Cm? q m?] ’

Be Be

Then:
(M (p2)|w(0)7"b(0)|B(p1)) = pi f1(q”) + 1 f2(q°)-
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Contents
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Contents

1.

PQCD predictions for the considered form
factors are much more reliable at low g2 region

For the form factors in the larger g2 region, one
has to make an extrapolation

In this work we make the extrapolation by using
the formula:

F(¢*) = F(0) - exp [a.. - G*+b- ((]2)2].




Contents
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Contents

B, —-mn.lv

g° at 0~4 GeV? region : PQCD prediction

g% at 4~10 GeV? region : Extrapolation



Contents

B, = J/Wlv
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Result

Numerical results of form factors:

this work ~ LFQM BSW  NRCQM
Fo(0) 0.56 0.61 0.58 0.49
F.(0) 0.56 0.61 0.58 0.49
\V(0) 0.75 0.74 0.91 0.61
Ao(0) 0.40 0.53 0.58 0.45
A.(0) 0.47 0.5 0.63 0.49
A,(0) 0.62 0.44 0.74 0.56



Result

Numerical results of Br:

this work  LFQM SMEFT PQCD

B.,—nuv 078 0.67 0.48 0.44
B,—nav 029 0.19 0.15 0.14
B,—Jwuw 166 1.49 1.14 1.03

B .— J/ytv 0.50 0.37 0.33 0.29



Result

The theoretical uncertainties of Brs are large

B(B. — n.7i;) = (2.937300(Bp.) £ 0.22(V,,,) + S(TTT.C)) x 107

B(B. — nolin) = (18755 Bs.) £ 0.53(Vi,) £ 0.27(m,)) x 10
B(B. — J/iri) = (4.985501(8p.) £0.37(Vy,) £0. 19(mc)) x 1(
B(B. — J/¥lin) = (1.66%561(8p.) £ 0.12(Vey,) £0.06(m.)) x 10

S

Main errors come from the parameter fg.



Result

However, the theoretical uncertainties can be
significantly reduced in the prediction for the ratio

of branching ratios .
— 0.001
R(M¢) = 0.373%0016

R(J/¥) = 0.3008:052

The error of the PQCD predictions for all R(X)-ratios
are around ~ 10% only



Summary

1. PQCD predictions for the branching ratios B,
— (1., Jw) | v agree well with other SM
predictions.

2. Although the theoretical uncertainties of Brs are
large, The error of the R(n.) and R(J/y) are
around ~ 10% only.

3. There is still a discrepancy since the experiment
result is R(J/1)=0.71+0.17(stat)+0.18(syst).
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