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Semileptonic decays of B meson
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Tree-level decays b — cvi:
.abundant

.very well known in the SM

* violation of the lepton universality
in tau sector

R(DW) = B(B® - DW7~5,)/B(B° - D yu~1,)

BaBar had. tag
0.332£0.024 £0.018

Belle had. tag
0.293 +0.038 +0.015

Belle sl.tag
0.302+£0.030£0.011

Belle hadronic tau

0.270+0.035£0.027

LHCb muonic tau
0336 £0.027 £0.030

LHCDb hadronic tau
0.291£0.019£0.029

Average
0.306£0.013 £0.007

SM Pred. average
0.258 £0.005

PRD 95 (2017) 115008
0.257+0.003

JHEP 1711 (2017) 061
0.260 £0.008

JHEP 1712 (2017) 060
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Semileptonic decays of B meson

BaBar had. tag
0.440 £0.058 £0.042

Belle had. tag
0.375 £0.064 £0.026

Average
0.407 £0.039 +0.024

SM Pred. average
0.299 +£0.003

PRD 94 (2016) 094008
0.299 £0.003

PRD 95 (2017) 115008
0.299 +0.003

JHEP 1712 (2017) 060
0.299 £0.004

FNAL/MILC (2015)
0.299+£0.011

HPQCD (2015)
0.300 £0.008
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Rare decays of B meson
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Loop-level decays b — s{0:
.forbidden at tree-level in SM

«sensitive to NP contributions in loops



Rare decays of B meson
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Angular observables
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ATLAS measurement differs by 2.7c from the SM prediction.

CMS results are consistent with SM prediction and other
measurements



New physics in b — s transition
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Rk = 0.74570:527 (stat) 4 0.036(syst) ~ 2.6 below SM
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Experimental data

Relative decay rates of B, meson.

Parameter Measurements Average

B(B. — J/¢Dy)/B(Bc — J/¢m™)
LHCD [5]: 2.90 £ 0.57 +0.24

ATLAS [13]: 38+1.1+04  >09=055
B(B; — J/¥D;” [B(B; — J/¥D;)
. +1.2

ATLAS [13): 28732 £0.3 ) 604078

LHCb [5]: 2.37 £ 0.56 + 0.10

B(B: — J/yD: [B(B: — J/4m )
ATLAS [13]: 104+3.1+1.6 104 +3.5

B(B. — JJUK )/B(B, — J/im )
LHCD [29]: 0.069 = 0.019 = 0.005 0.069 + 0.020

B(B. — J/YK K" n)/B(B: — J/un")
LHCDb [12]: 0.53 £ 0.10 = 0.05 0.53£0.11

B(B, — J/YynTn x")/B(B, — J/in™)
LHCbH [30]: 3.0 0.6 +0.4
LHCb [10]: 2.41 £0.30+£0.33  2.57+0.35
CMS [31]: 2.55 £ 0.80 7533

B(B. — ¥(25)7)/B(B. — J/y7)
LHCb [32]: 0.268 + 0.032 + 0.009 0.268 + 0.033




Semileptonic decays of B, meson

cC C
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B(B — J/vrTv,)
B(Bj — J/pptu,)

= 0.71 £ 0.17(stat) £ 0.18(syst).

*R. Aadij et al. Phys.Rev.Lett. 120 (2018) 121801



Branching ratios of semileptonic B, decays

Table 3. Branching ratios (in %) of semileptonic B, decays into ground state charmonium states.

Mode This work | [23] [7] 124, 25] | [26] [27] [28]
B, — n.lv 0.95 0.81 0.98 0.75 097 | 059 | 0.44
B. — n.tv 0.24 0.22 0.27 0.23 0.20 | 0.14
B, — J/yty | 1.67 2.07 2.30 1.9 2.35 1.20 1.01
B, — J/ytv | 0.40 0.49 0.59 0.48 0.34 | 0.29
BZ — D (v | 0.0033 0.0035 | 0.018 0.004 | 0.006 | 0.0032
B —» D v | 0.0021 0.0021 | 0.0094 | 0.002 0.0022
B, — D ¢y | 0.006 0.0038 | 0.034 0.018 | 0.018 | 0.011
B- » D 1v | 0.0034 0.0022 | 0.019 | 0.008 0.006

C

* A. Issadykov, Mikhail A. Ivanov, G. Nurbakova, EPJ Web Conf. 158 (2017) 03002




Branching ratios of semileptonic B, decays
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Figure 2: Theoretical predictions vs. LHCb data [15] for the ratio R 7 ,,. Solid line-central
experimental value, dotted lines—experimental error bar.

*A. Issadykov, Mikhail A. Ilvanov, Phys.Lett. B783 (2018) 178-182



New Physics effects in semileptonic B, decays

q" (GeV?)

*C.T. Tran, Mikhail A. lvanoy, J. Kérner, P. Santorelli, Phys.Rev. D97 (2018) 054014



Nonleptonic decays of B, meson

LHCb collaboration(nonleptonic):

B(B: = J/YK™)
B(Bf — J/um+)

= 0.069 £ 0.0019(stat) £ 0.005(syst).

*R. Adij et al. [LHCb Collaboration], JHEP 1309 (2013) 075

The predicted ratio of these branching fractions is proportional to

Via frc+
Vudfrt

2

+ W+
BB = JJWRT) — 0.077

B(BI — Jj4mt)

B(BS = J/YK™)
B(Bf — J/um+)

= 0.079 = 0.007(stat) £ 0.003(syst).

*R. Adij et al. [LHCb Collaboration], JHEP 1609 (2016) 153



Ratios of branching fractions
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Figure 3: Theoretical predictions vs. LHCb data [10] and [11] for the ratio Ry + /r+. Two
solid lines- central experimental values, dash-dotted lines—experimental error bar from [10],
dotted lines—experimental error bar from [11].

*A. Issadykov, Mikhail A. Ilvanov, Phys.Lett. B783 (2018) 178-182



Ratios of branching fractions
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Figure 4: Theoretical predictions vs. LHCb data [1] for the ratio R+ /,+,, - Solid line-
central experimental value, dotted lines—experimental error bar.

*A. Issadykov, Mikhail A. Ilvanov, Phys.Lett. B783 (2018) 178-182



Nonleptonic decays of B, meson

Ref. Rgl [uty RK ¥ ixt Rqr R.Uu
LHCD [1] | 0.0469 % 0.0054
LHCb[10] 0.069 + 0.019
LHCb [11] 0.079 + 0.0076
LHCb|15] 0.71 +0.25
This work | 0.0605 = 0.012 | 0.076 £0.015 | 0.26 £0.05 | 0.24 = 0.05
(3] 0.0525 0.074
(4] 0.0866 0.058
[5] 0.0625 0.096 0.34 0.28
6] 0.058 0.075
(7] 0.068 0.085 0.31 0.25
8] 0.0496 0.077
9| 0.082 0.076 0.27 0.24
14] 0.075
+0.007 =~cy+0.019
o | oo | o
. 04610003 0.082 0.63+0.0 | 0.20%%09
19] 0.31 0.29
22] 0.28 0.26




Effective Hamiltonian

In the SM. the effective Hamiltonian for the b — ¢fT¢~ decay can be written as

4G u
HEPF = ——=VigVih c (1)O;(1) + X, cz ~ 0" ()] ¢ .
V2
where A} = Ezﬂ:‘; qg=s.d

b — s transition :

Ao = ViVi, = 0.041 Aus = VAV, = 0.00088

b — d transition :

Aa = V;i Vi = 0.00825 Aaa = V5 Vaa = 0.00384



Effective Hamiltonian

In the SM. the effective Hamiltonian for the b — ¢fT¢~ decay can be written as

4G .
HEPF = ——=VigVih c (1WO:(1) + X, cz — O (1)
V2
where A} = Ezﬂ:‘; qg=s.d

OV = (Ga, ¥ Prttay ) (ttay Yy Prba, ), O% = (qy" Ppu)(uy, PLb),
O1 = (G, V" PrCas) (Cay W Prbay ), O = (7" Prc) (e, PLb),
O3 = (" Pb) 3 (L), O4 = (Qay V" Prbas) Yo (G0 Vu PLda, )
Oy = (@ Pib) 3 (@7 Pra), O = (quy V" Prbas) 3 (Gay 1 Pray )

O = #ﬁlb (go"" Prb) F,, Og =

1 %mb (@ﬂlgﬁvPRTﬂlﬂzbﬂz)G#v:

1

Og = lg; (qT”PLb) (ETME): O = 15?;2 (qT”PLb) (EF}{#TS’E?):



Effective Hamiltonian

Effective Hamiltonian

Using the operator product expansion (OPE) formalism and renormalization
group techniques, the effective Hamiltonian of the weak decays is derived.

3%)*-;1&1&1 Zk: Ci (1) (f|Qk(.u)| )
sD LD

A(f — i) = (fl| Her |i) =

» SD = Short-Distance contributions
» LD = Long-Distance contributions

» The Wilson coefficients Ci(;:) are calculated by using "matching"the full
and effective theories, and the renormalization group.

» Qk(p) are the local operators generated by electroweak interactions
and QCD

» The problem is to evaluate the matrix elements (f|Qx()[i)



u(c)

Effective Hamiltonian

d(s) i (c) d(s)

Current-current diagrams
Q ; & Q, operators

u(c) b u(c)

b d (s)

QCD penguin diagram
Q ;— Q , operators




Effective Hamiltonian

b d (s) , i)
u,c,t
W W
Y.L
q q

Semileptonic electroweak penguin diagrams
Q,—-Q,,operators



b — s transition

d d
1:— Loop-level decays b — s{0:
B° ;,,-* T TSN K+ oforbidden at tree-level in SM
- Iff - u,c,t B \"l P . «sensitive to NP contributions in loops
" 70
b —stl "



Matrix element of B — K*€*€~ transition

M = Gr Dj/\t {C‘EH<K*|57”PLE}|B}(%#€)

Ne

21
_ ﬂcﬁﬁ < K*|5i0"q, Prb| B > ({7,0)

q
+ Cl(] < K* | E"}’FPLblB = (g"}’p"}’zjf) }.;

where C¢ = C; — (5 /3 — Cg.



Wilson coefficients

3 LV, = 717 )my,
eff __ 7 — : 1
Co' = Co+ CoQ hlie, s) + — & 2 my,* — ¢* — imy Ly,

E’Z:]ﬁ(l.ﬁ],'ﬂb(?ﬁ)
1
= Sh(1,5) (4C5 + 4C4 + 3C5 + Cs)

1 2
— 5h(0,5) (Cs +3C1) + 5 (3Cs + Ca+3Cs5 + Ci)

where Cy = 3C + Cy + 3C5 + Cy + 3C5 + Cg. Here the charm-loop function is written as

. 8. my 8. 8 4

h(m,,s) = —§lnz—§hlmc+2—7+§x
(111 ‘%i:f_i —z'ﬂ) , for z = 4“;13 <1,

2
- §(2+m)|1—;a:|1/2<
\ 2 arctan ﬁ, for x = 41?3 > 1,
T 4 4
h(0,s) = %—gln%—ghls—i-giﬂ',

where m, = m./my, s = ¢*/m3 and k = 1/Cj.



Matrix element of B — K*€*€~ transition

GF ﬂ‘.‘)ﬁt - —
M =5 5 AT () + T (Gs0)}
T =T/ €, (1 =1,2),
1 i i . :
T = {—Pq g A + PP AY + P AY + i Pqp V(”} :
mq + meo .



Matrix element of B — K*€*€~ transition

™ — —{ Pqg" Ay + PAP* A + q"P* AV 4 i P,qy VO | |
my + Mgy
2
v = ey 4oy m“"(ml;rm?) ,
q
-
AL = C5F Ay + 3 g el o)
q

, 1 2mp(my +m

AELI} = C5' Ay + G5 ay 2 qlz 2 ;
2my(my + my) Pq

—
=t
e

W — s A+ 5 (ag - ay)

q° q*
Ve = Vv, AP =Cid,, AP =C AL



Form factors

(V(Pz; E‘z)[mqa] | G2 o* G | P[tfar}z] (p1J> =
.II.
€

= —— (=g P-qAy(g") + P* P* A (") + ¢" P" A_(*)
my + mso
+i " P, qg V(qg))ﬁ

(V(p2, €2)iaias) | & (6" 0 (1 +79°)) @1 | Pigsga)(p1)) =
= €] ( — (9" = 4"4"/q°) P - qao(q°) + (P* P” — ¢" P" P - q/q*) a+(q”)

+ieghveB p qs g[qﬂ)) )

P=pi+pyq=p—psey-pp =0, p} =m?



Diagrammatic representation of the matrix elements

Y1 —9°), 10t q, (1 +7°)

q1 k+p1 k-l—'Pz qz2
B(Pl). . K™ (py)

dp(— (k+wizp1)?) P (— (k+ w23 p2)?)

wi; = my,; [(mg, +my;) (1,7 =1,2,3)



Form factors

0s|
06l
04l
02

0.0

F(0) g

F(¢*) = = .
(@) 1 —as+bs?’ m?




b — s transition

Mode Our Others Expt. [73-75]

B — K*utp 127 x 1077 (11.9+3.9) x 107 [76] (9.24 £ 0.93(stat) + 0.67(sys)) x 10~7

19 x 1077 [77]
1.5 x 1077 [78]
14 % 1077 [79]
B = K*tHr 135 x 1077 1.9 % 1077 [77] -

1.0 x 107 [78]
2.2 %1077 [79]
B— K*y [374x10°% 114 x10°5  [80] (4.21 £0.18) x 105

4.2 x 1077 [78]

[

B K'wi |136x107%  15x107°  [78] -

B— Kp*p |T18 x 1077 5.7 %1077 [77] (4.29 £ 0.07(stat) £ 0.21(sys)) x 1077

(3.5+1.2) x 10°7 [76]

4.4 %1077 [78]
5% 1077 [79]
B— Krtr™ [3.0x10°7 1.3 x10°7 [77] -
1.0 x 10°7 [78]
1.3 x10°7 [79]

B — Kvv |0.60 x 105 0.56 x 102 (78] -




Schematic view of B—Km+ (" decay

* A. Issadykov, Mikhail A. Ivanov, S. Sakhiyev, Phys.Rev. D91 (2015) 074007



b-s transition matrix elements

(g3 (P2)1320"q1|Bg,4:) (P1) = FBS(¢?)PF + FBS(¢%) g,

T | 1 . ]
(Siangn) (P T2 (i q, (1 + 7)) a1 |Big,q (P1)) = — - (¢*P* — q - Pg")FES(q?).




Branching fractions

Decay modes Branching fractions
This work [37] [18] [31]

(As = 1.5 GeV)
BY — ag (980)pu~ 0.52 x 10~*  |(2.74 4 0.40) x 10~* 1.84 x 10~*
BY = ag (gan)r 7 0.11 x 10~* |(1.31 £ 0.23) x 10~* 1.01 x 10~*
BY = K, (800)p " mu| 1.23 x 107*  |(2.06 +£0.31) x 10~* 1.42 % 10~*
BY — K;+(800)7~ & | 0.25x10~* |(1.07 £0.19) x 10~* 0.88 x 10~*
BY — KGP(800)u*p—| 347 x 1077 |(7.31 £1.21) x 10~7
BY — K3°(800)r T 0.61 x 1077 [(1.33 £0.36) x 10~7
BY = fo(980)ut ™ 2.45 x 1077 |(5.14 £ 0.78) x 1077|0.95 x 1077 |5.21 x 10"
B? — fo(980)7 1~ 0.42 x 1077 |(0.744+0.17) x 1077 | 1.1 x 1077 |0.38 x 107
BY — K °(800)pv 2.53 x 107%  |(6.30 £ 0.97) x 10~°
BY = f0(980)pv 1.79 % 107% | (4.39 £ 0.63) x 107°|0.87 x 10~°

(18] P.
31] R.
37] Z.

Colangelo, F. De Fazio, P. Santorelli and E. Scrimieri, Phys. Rev. D 53, 3672 (1996); Phys. Rev. D 57, 3186(E) (199¢

Li, C. D. Lu, W. Wang and X. X. Wang, Phys. Rev. D 79, 014013 (2009) [arXiv:0811.2648 [hep-ph]|.

H.
G. Wang, Semi-leptonic B — S decays in the standard model and in the universal extra dimension mode



s-wave and p-wave contributions

in the narrow width-limit

/ dm? _|Li-(m%)|? = B(K*" — Kz 1) = % .

(Mges 4+ )2 5 5 5
‘/{ dmi —|Ls(my )" = 0.17

M pew —bm )2

*U.G. Meissner, W. Wang, JHEP 01 (2014) 107



Impact of s wave contribution

2/3dT(B — K*(892)u+ pu~)

R(q?) =
) 2/3dl(B — K*(892)putp—) + 0.17dT(B — K (800)putpu—)
1.00 _I I I I | I I I | I I I | I I | | I I I | I I | | I I I | I I_
- N 4
0.95F =
(o)
0.90 F 14% :
I v
0.85 < >
[ ~6 %
0.80 =
0_75 __I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 |__
0 2 4 6 8 10 12 14
g% (GeV?)

* A. Issadykov, Mikhail A. Ivanov, S. Sakhiyev ,Phys.Rev. D91 (2015) 074007
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pt et

Examples of b — s loop diagrams contributing to the decay B? — ¢pu*p~ in the SM.



The values of branching fractions

TABLE IV. Total branching fractions.

This work Ref. [32] Ref. [33] Ref. |38] Ref. [43] | Ref. |3.,44]
10'B(B, = ¢u*u~) [9.11 £1.82 11.1 1.1 19.2 118+ 1.1 16.4 797 +0.77
10’B(B, — ¢r*17) 1.03 +0.20 1.5+0.2 2.34 1.23+0.11 [.51
10°B(B, — ¢y) 2.39 £0.48 38+£04 352+0.34
10°B(B, — ¢vi) 0.84 £0.16 | 0.796 £+ 0.080 1.165 < 540
10°B(B, — ¢J/y) 0.16 £0.03 | 0.113 £0.016 0.108 £ 0.009
Our Exp

* |32] R.N. Faustov and V. O. Galkin, Eur. Phys. J. C 73, 2593

(2013).

[33] U.O. Yilmaz, Eur. Phys. J. C 58, 555 (2008).

|38] Y.L. Wu, M. Zhong, and Y. B. Zuo, Int. J. Mod. Phys. A 21,

6125 (2000).

|43] C.Q. Geng and C. C. Liu, J. Phys. G 29, 1103 (2003).
|44] K. A. Olive et al. (Particle Data Group Collaboration), Chin.

Phys. C 38, 090001 (2014).

[3] R. Aaij et al. (LHCb Collaboration), J. High Energy Phys.
09 (2015) 179.

*S. Dubnicka et .al. Phys.Rev. D93 (2016), 094022




The branching ratio

10f]  10® dBeB,—»¢ut u)/dq’

g’ (GeVv?)

*S. Dubnicka et .al. Phys.Rev. D93 (2016), 094022



Two-loop corrections and cc-resonance contr.

Modify C,*" and C "

Condition:
Areas of correction:
q’°/myz? << 1
1.1 <g?<5.53B?
q?/(4m_)? << 1
8.8 <g?<2213B?

*C. Greub, V. Pilipp, C. Schupbach, JHEP 12 (2008) 040



ANGULAR OBSERVABLES AND DIFFERENTIAL BRANCHING

10°B(By — optp) 2 loop 1 loop SM [4] Expt. [3]
[0.1,2] 0.99 £+ 0.1 0.86 = 0.09 1.81 £0.36 1.11 £0.16
(2, 5] 0.90 + 0.09 005+0.1 1.88+0.31 0.77+0.14
5, 8] - 1.25 +£0.13 2.25+041 096 £0.15
[15,19] 1.89 = 0.19 1.95 = 0.20 220=0.16 1.62+0.20
FL(Bs = ou*tp™) 2 loop 1 loop SM [4] Expt. [3]
[0.1, 2] 0.37 + 0.04 0.46 + 0.05 0.46 = 0.09 0.20 £ 0.09
2, 5] 0.72 £ 0.07 0.74 £ 0.07 0.79 £0.03 0.68+£0.15
5, 8] - 0.57 = 0.06 0.65 £0.05 0.54 £0.10
[15,19] 0.34 £ 0.03 0.34 +£0.03 0.36 £0.02 0.29+0.07

*S

. Dubnicka et .al. Phys.Rev. D93 (2016), 094022



Effective Hamiltonian

In the SM. the effective Hamiltonian for the b — ¢fT¢~ decay can be written as

4G u
HEPF = ——=VigVih c (1)O;(1) + X, cz ~ 0" ()] ¢ .
V2
where A} = Ezﬂ:‘; qg=s.d

b — s transition :

Ao = ViVi, = 0.041 Aus = VAV, = 0.00088

b — d transition :

Aa = V;i Vi = 0.00825 Aaa = V5 Vaa = 0.00384



Form factors of b-d transition




Branching ratios

TABLE VI: : Total branching fractions

B(Bs — KOt p)

B(B; — K*V.J/v)

B(B,—=K*""utpu—)

B(B.—K*0J /1)

O T

B(B,—oJ /)

B(B* = gty

Expt. [9,10]] (29+£1)107% |(4.14+ +0.24)107°| (3.3+1.1) %1072 | 4.05% 1072
CCQM  [(2.73 £ +0.55)107%| 5.71 & +1.14)107° |(2.33 £ 0.47) * 1072| 3.57 %1072 | (3.46 £ 0.69)10~°
[11] (2.89 £+ 0.73)10~% (4.16 £ 0.68)10~8
(6] (4.33 £ 1.14)10°8

6] J. J. Wang, R. M. Wang, Y. G. Xu and Y. D. Yang, Phys. Rev. D 77 (2008) 014017

doi:10.1103/PhysRevD.77.014017 [arXiv:0711.0321 [hep-ph]].
[9] R. Aaij et al. [LHCb Collaboration|, arXiv:1804.07167 [hep-ex|.

[10] R. Aaij et al. [LHCh Collaboration], JHEP 1511 (2015) 082 doi:10.1007/JHEP11(2015)082

[11] B. Kindra and N. Mahajan, arXiv:1803.05876 [hep-ph].




Binned branching ratios

Be — Kt BY —w ptutpu~

10° % B 2 loop 1 loop 2 loop 1 loop
0.1,1]  0.1740.03 (.14 £ 0.03 (.23 £ 0.04 0.19 £ 0.04

[2, 5] 0.24 £ 0.05 0.25 £ 0.05 0.34 £ 0.06 0.36 &= 0.07

15, 8] —— 0.34 £ 0.07 —— 0.45 £ 0.09
[11,13] 0.31 £0.06 0.33 +0.06 0.38 = 0.04 0.40 4+ 0.08
[15, 17] 0.35 £ 0.07 0.37 £ 0.07 0.41 + 0.08 0.42 4+ 0.08
[17,20] 0.40+0.08 0.41 4+ 0.08 0.48 +0.10 0.49 4+ 0.10

[1,6] 0.41 4+ 0.08 0.43 &+ 0.08 0.58 +0.11 0.61 +=0.12
[15,20] 0.75£0.15 0.78 £ 0.16 0.80 £ 0.18 0.92 £0.18



Binned angular observables

B, — Kty BT s ptutpu~
Arp 2 loop 1 loop 2 loop 1 loop
0.1.1] 011 +0.01 0.12 + 0.01 0.11 + 0.01 0.11 £ 0.01
(2,5] 0.036 £0.004 —0.034£0.003 0.036 £+ 0.004 —0.027 £+ 0.003
[5, 8] —— —0.249 £ 0.025 —— —0.227 £ 0.023
[11,13] —038+0.04 —040+0.04 —0.37+0.04 —0.38+0.04
[15,17] —-0.39+0.04 —040+004 —039+0.04 —0.39+0.04
[17,20] —031+0.03 —031+003 —032+0.03 —0.33+0.03
[1,6] 0.034 £0.003 —0.035£0.004 0.035£0.004 —0.027 £ 0.003
[15,20] —035+0.04 —035+0.04 —035+0.04 —0.36=+0.04
By — K0ty BY = ptptp~
133 2 loop 1 loop 2 loop 1 loop
0.1,1]  0.23 +0.02 0.30 £+ 0.03 0.25 4+ 0.03 0.32 4+ 0.03
[2, 5] 0.72 £ 0.07 0.74 £ 0.07 0.75 £ 0.08 0.77 £ 0.08
[5, 8] —— 0.57 + 0.06 —— 0.61 £ 0.06
[11,13] 0404 0.04 0,39 +0.04 0,42 4+ 0.04 0.42 + (.04
[15,17] 0.34 +0.03 0.33 £ 0.03 0.35 £ 0.04 0.35 = 0.04




Conclusion

We have found that the theoretical predictions for the ratio R/, are more
than 2 o less than the experimental data. This may indicate on the possibility
of New physics effects in this decay.

At the same time the ratios of the branching fractions R+ /,+, and

R+ /z+ are m good agreement with the LHCb data and other theoretical
approaches.

Since our result for R, 1s different from the data at the level of 2 o, we
can urge to more precise measurement of the B. — J/v {vy channel which
currently has quite large uncertainties. This might be very important since it
may 1mply that the new physics (if there 1s any) has strong couplings to the
leptons but not hadrons.

Phys.Lett. B783 (2018) 178-182 (arXiv:1804.00472)
Phys.Rev. D96 (2017) no.7, 076017 (arXiv:1708.09607)

EPJ Web Conf. 158 (2017) 03002
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Angular observables

d'T 9
dq? dcos@* dcosfdy  32x

|:J15 sin? 6" + Jy. cos® 0* + (Jassin? 0% + Jp. cos® §*) cos 20

+.J3 sin? 6 sin? @ cos 2y + Jysin 260" sin 26 cos y + J5 sin 26™ sin f cos y

+(Jgs sin? 0* + Jg. cos? 6*) cos 0 + J7 sin 260* sin 6 sin y + Jg sin 26* sin 26 sin y

+Jg sin? §* sin? @ sin 2;{]

I+

]
r
N

FIG. 6: Definition of the angles #, #* and x in the cascade decay B — K*(— Km)f¥.



dl’
dg?

App =

Angular observables

d‘T 1
dcos 0 dcos 0*d = 2 (3J1 + 6J15 — Joo — 2o,
f cosf deos 0 X G Geos O deos By 4 0 N1e T Ot = oo = 220)
GZ  [alN |p2|q25’f?{ dB 1 dU
(2m)3 27 12 m? ot dg? Tpdg?’
[T d°T 3 J 3 Hp
- /—/ dcos ) — = —— o - = ——[3 r \
dr /dq? dg?dcos®  4dU/dg®? 4" Hi
Joe JHI 4 H2
20 _ LopHy tHL

TdrjdgE 2 Heor



Angular observables

Jls

ch

JES

(2+ 57)

1

4m2

[Ifﬁ1 [+ A1+ JALP + [AFF] + Q—R e (ATAT +

4m -
|AS|? + | Ag|? +q—[|Af| +2Re(A§ Ay )] + 67 |As|?,

[Ir’-1 [+ A1+ AT + 147

fff HALF = 1471 + AT - AT

V2B, [Re(AfAL" — AFAT") -

203

V2B, [Im(AEAF — ATAR) +

[Re(f—lﬁ’}lf

L2 [Im(ALAL"

-5

— AftAT)]

+ ARATH]

Ty

NG

AJA[T)

Jae = 2 [| AL + | AR

Ji = =52 [Re(AL AL

V2
Re(AF AL + Aﬁi‘-*ﬂg)} 7
Jﬁc — 4.6!? \?;lf—z
q

Jg =

"= Im(Af Ay - AR Ag))|

N

A7 [Im( AL AT +

+AJA[)]

Re(Af AL + AF Ag).

+ AR AR



R \T [ (1 1 2 2)
AP = N— [(HY, - HE ) F (HY,, - HY) )

At =N

Sl Sl

i 1 1 2 2 ]
(Y1 + HO ) F (HE o+ HY )

A" N () ¥ )
A, = 2NHY,

where the overall factor is given by

N = {l Gr (Al Ipzlq?ﬁf]%
4(27)3 \ 2m 12m? 1~




1 m|p2
maq -+ Mo Mo/ q2
1

m1+m2

Hjy, = €m@)e(0)T!, = (Pg(—Ay+A) + ¢*AV)

Hi,, = ETF(i)E;H(i)Ti (—Pq Ay £ 2m; |p. Vi) ;

Hyy = €"(0)es™(0)T},
- L (=Pq(m? —m2 — ) A} + dm? [pa[2 A1)
my + M2 2 mogr/q>




{P1)bin

{P2)bin

{-'Pﬂ}bin

{Pi}bin

{Pé}bin

{Pé}bin

{Pf:}bin

L Join 92° T3 _9 Juiw 4% B7 f(a?)[HE + HF]
2 fbin dqzjgs fbin dq-E 3!? f(qz}[Hflfl + HEZ]

i@ Jos i 9" Be f(a")HE
8 fl::uin dqzrfgs fbin dqz '352 [Hﬁl + HE?] :

1 ey [ da? B F(@)HEE + HE
4 fbin dqi‘}rzs fbin dq2 31? I(QE}[HH + HEE] ..

1 / dg?J, =2 Juin 49 B f{?'z)[?{}‘ +HP
M bin J/bin Nbin

rl

1 dg? By F(q?) [ H2 + H2
/ dqzjﬁ — 9 fbm q- Ef('% ) H 4 4l
wbin J hin P‘"bin

rl

% / dg? J; = —2 Join 44° Be f(@*)[Hi7 + HE
wbin J bin *'I‘Vbin

—1 27 o S 46 B F(@) My + HE]
dg*Js = +2 ?
Nbin J bin *'I\'bin

where the normalization N, is defined as

Nbin - \/_ fbin dqz[JZs] ; fbin dqz['IZc]

= /o @4 B2 F(@)HY + M) - [y, da? 5 F(@)[ MY + HP)



TABLE III: Definition of helicity structure functions and their parity properties.

parity-conserving (p.c.)

parity-violating (p.v.)

HY = Re (HimHHH) +Re (Hil_lh’ﬁ_l)
iy =Im (Hiy B, ) + 1w (B DY)
H7 = Re (Hmﬂgg)

iy = Im (HiHY))

HY = Re (HilHHi{_l)

iy =t (Hiy B

HHL = Re (Hﬁnﬂgf)
Hisy = m (HyoHj)

HiJ = Re (HLHHHH) ~Re (Hil_lHi’i_l)
Hip = Im (Hil+1HH+1) —Im (Hil—lHH—l)
Y = §|Re (M1, HY) — Re (HL,_ 1) |
Hily = 4 [tm (H ) — T (B2, 1)
MYy =4 [Re (i, HYY) ~ Re (L, HEY)|
H}j‘:d = % [Im (Hfi—1+1HiJlrg) —Im (Hi—l—lﬂgg)]



