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Experimental data

Relative decay rates of B. meson.

Parameter Measurements Average

B(B. — J/yD;)/B(B. — J/im )
LHCb [5]: 2.90 = 0.57 £ 0.24

ATLAS [13]: 38+11+04  >09=055
B(B; — J/yD:~JB(B; — J/¢D;)
. +1.2

ATLAS [13]: 28712 40.3 ) 604078

LHCb [5]: 2.37 = 0.56 £ 0.10

B(B. — J/yD. /B(B: — J/¢m )
ATLAS [13]: 1044+314+16  104%35

B(B. — J/4K )/B(B; — J/vn)
LHCD [29]: 0.069 = 0.019 £ 0.005 0.069 £ 0.020

B(B. — J/yK K n )/B(B. — J/um )
LHCb [12]: 0.53 £0.10£0.05  0.53 £0.11

B(B. — J/Yntn n")/B(B; — J/im™)
LHCD [30]: 3.0 0.6 +0.4
LHCD [10]: 241 +£0.30+0.33  257+0.35
CMS [31]: 2.55 +0.80 F0-32

B(B. — v(25)r )/B(B. — J/im )
LHCD [32]: 0.268 £ 0.032 £ 0.009 0.268 £ 0.033




Covariant quark model

ﬁ?ﬁi(ﬁ) = guM(z) /di"lfdﬂ?zpm(ﬁ;ﬂ?hiﬂi)@l(ﬁl)rm q2(z2) + Hec.
2
Fu(z,@y,25) = 6@ (x =) wiz;) Oy (@1 - 1’?2)2)

i=1

O (—k?) = exp(k?/A2))

* G.V. Efimov and M.A. Ivanov, Int.J. Mod. Phys. A 4 (1989) 2031.



Compositeness condition in covariant quark model

Zy =1 — gi My (m3,) =0

~ d*k - -
fip(67) = N [ @bk (1751 k4 wap)ySalk = wan),

. 1
f(5) = Ne [ G (=Rt (536 + wap)y Sl — )

= ¢y (p )+p“p”’ﬂl,'; (p*)

* S. Weinberg, Phys. Rev. 130 (1963) 776.
* A. Salam, Nuovo Cim. 25 (1962) 224.



Model parameters

My /d My M, my A ‘

0.241 0428 1.67 5.05 0.181 ‘ GeV

ﬁnc ﬁ;{;w Ap .t"ij_j* fijj .t"i_.ij; Agp .t"!LB* iﬁiBa

k=

273 387 1.74 16 153 1.75 156 196 1.8 205 | GeV

mpg, My, m gy mp mp-+ Mp, Mmp; ‘ ‘ "B

6.275 2984 3.097 1.869 2.010 1.968 2.112 ‘ GeV‘ 0.507ps

*C. Patrignani et al. [Particle Data Group], Chin. Phys. C 40 (2016)
no.10, 100001.



Leptonic decay constants

_ G
M(Hy, — Iv) = 7‘% Vigr M,

d*k  —~ ~ ~
My (p) = =3 g1 f i (=K%) te|Ta Sak = ¢, p) O Sk + 1y p) |

(p) ui(kp) O uy(ky),

Tp=iy, Ty=¢ey-v.

M(p) = —ifpp*, M, (p) = fymyey,.

/s, In, Lapy /b I I, /p;
489 628 415 206 244 257 272

* Dubnicka, Dubnickova, Issadykov, lvanoy, Liptaj, Phys.Rev. D96 (2017) no.7, 076017



Parameters

TABLE 1. Values of the Wilson coefficients.

C, C, Cs Cy Cs Ce
02632 10111  —0.0055 —0.0806 0.0004  0.0009

*S. Descotes-Genon, T. Hurth, J. Matias, and J. Virto, J. High Energy Phys. 05 (2013) 137.

TABLE V. Values of the CKM-matrix elements.

|Vud| |VuS| | Vcdl | Vcl'rl | Vcb | | Vub |
0.974 0.225 0.220 (0.995 0.0405 0.00409

*C. Patrignani et al. [Particle Data Group], Chin. Phys. C 40 (2016) no.10, 100001.



The Invariant Form factors definition

Mgy = P”FJr(Q‘E)JrQ‘” F_(¢%),

1
My, = i e {—g" PgAo(¢*) + P* P" Ar(¢*) + ¢" PY A_(¢*) +ie"" " Poqs V() },

P=p+p q¢=p—p



Definition of the Helicity Form factors

(a) Spin S = 0:
1
Hf — \/q—z{(mﬁ_m%)F++q2F—}v
Hy =0,
Vg
(b) Spin § = 1:
1 my |pa 2 2 2
H, = mi] —ms) (Ay — Ag) +qg A_},
t m1+m2m23/q_2{( 1 2]( + D] q }
1
H:t = T+ 11 {—(mf—m%)ﬂgiﬁml |]J3|V}
1 1

2 2 2 2 2 2 2
—(m3i —ms5)(m7 — ms — Aog+4m Ay v,
1 2 2my ,—qz{ ( 1 2)( 1 2 iI] 0 1|P2| +}



Form factors B, decays

TABLE IV. ¢ = 0 results for the various form factors.

B.— D Bl — D, B, — 1.
F_(0) 0.186 0.254 0.74
F_(0) —0.160 —0.202 —0.39

B. — D* B. — Dj B, = J/y
Ap(0) 0.276 0.365 1.65
A, (0) 0.151 0.190 0.55
A_(0) —0.236 —(0.293 —0.87
V(0) 0.230 0.282 0.78

* Dubnicka, Dubnickova,

Issadykov, Ivanov, Liptaj, Phys.Rev. D96 (2017) no.7, 076017



Form factors B, decays

FIG. 1: The F1(q*) and F_(q?) form factors for B. — D,B. — D, and B, — . transitions, respectively.

* Dubnicka, Dubnickova, Issadykov, lvanov, Liptaj, Phys.Rev. D96 (2017) no.7, 076017



Form factors B, decays
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FIG. 2: The Ao, A_, A, and V form factors for B. — D*, B. — D7 and B. — J/1 transitions, respectively.

* Dubnicka, Dubnickova, Issadykov, lvanov, Liptaj, Phys.Rev. D96 (2017) no.7, 076017



Semileptonic decays of B, meson

Candidates per bin

o5
S0 e T e . e MY
-y

o 1 2z 3 4 5 6 _T.
Z(q"E )

—+— Data B B, - Jyutv,
Mis-ID bkg. B /v +u comb. bkg.
W J/y comb. bkg. B 3 - JyH,!
B, — x (IP)I'v, [ B. - y29l'v,
BB —Jyttv,

B(Bf — J/¢mTv,)
B(BS — J/dutyy,)

= 0.71 £ 0.17(stat) £ 0.18(syst).

*arXiv:1711.05623



Widths of semileptonic decays of B, meson in terms of helicity

amplitudes

The semileptonic Bcldegay widths are given by

2

G% (q* — m?)* |pal
[(B. — M- Iv) = V. Zf 2 f
(B, — V) o )3| bl ) 122 g
ny
2 3 -2
I B.oM.., 2\2 M B M., 242
o s3] oo
T 2 2,2
9 G?‘ (g~ —m3)” |pa
(B> D ly) = v, Ef 2 f
(B ) (2 )3| d | 12 m?
ny
m2 —0 2 3Im?
x 1+—f] (HF"_’D (qz)) 'l (HB D' 2))
{[ 24° ,;D : 2q

—0
where g% = (my — my)*, m; = mp_, and my = my. Note that Mz. and D denote both the pseudoscalar
and vector cases.



Semileptonic decays of B, meson

FIG. 3: Pictorial representation of the semileptonic B, decays.



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.tlv 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
B: — 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 (v | 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

*Issadykov, lvanov, 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.

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



New Physics effects in semileptonic B, decays

q* (GeV?)

*Tran, lvanov, Korner, Santorelli. arXiv:1801.06927



Nonleptonic decays of B, meson

LHCb collaboration:

B(BS = J/¢mT)
B(BI — J/it+v)

= 0.0469 % 0.0028(stat) = 0.0046(syst).

*R. Aaij et al. [LHCb Collaboration], Phys. Rev. D 90 (2014) no.3, 032009



LHCb data 2014

0.03 =il | HCbh measurement
0.02
0.01 ¢ Predictions
0 | | | | 1 | | | | |

Chang Anisimov ElHady Colangelo Kiselev  Ebeort vanov Ka
1994 1999 1999 1999 2002 2003 2006 2013

*R. Aaij et al. [LHCb Collaboration], Phys. Rev. D 90 (2014) no.3, 032009



Nonleptonic decays of B, meson

LHCb collaboration(nonleptonic):

B(B — J/vK™)

— 0.069 £ 0.0019(stat) = 0.005(syst).
B(Bf = J/ur+) (stat) (syst)

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

The predicted ratio of these branching fractions is proportional to

Vs frct
Vudfrt

2

+ |'I,I +
BB = J/WK™) — 0.077

B(BI — Jjym+)

B(BS = J/¢K™)
B(B — J/¢r+)

= 0.079 £ 0.007(stat) £ 0.003(syst).

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



Effective Hamiltonian

V+a- (1)

where the subscript V — A refers to the usual left-chiral
current O# = y#(1 —y°) and V + A to the usual right-chiral

one O = y*(1 + y°). The a; denote the color indices. The
quark ¢ stands for either s or d.

03 = Ol and 04 — Oﬁ.

|

Fierz transformation



Nonleptonic decays of B, meson

P(V)

FIG. 2: Pictorial representation of the matrix elements of the nonleptonic B, decays.



Nonleptonic decays of B, meson

The nonleptonic B, decay widths in terms of the helicity amplitudes are given by

2
[(B+ — P*M,,) = Gk |p2| 2|V Vi ay fpmp)|” (Hfﬁ*“’fée(mi;)) ,

167 m
(Pt =x", K™, and q = d, s, respectively),

2
D(BY = VM) = OF ol iviyasfml? 3 (B (i)
16w i=0,+

(V¥ =p",K*", and q = d, s, respectively).



Model parameters

f‘.l'-l' fﬁ' fp fK*
130.3 156.0 221.0 226.8

We will use the numerical values of the Wilson coefficients from [24] ob-
tained at the scale up = 4 GeV at leading order with A{i?sr = 225 MeV. One
has C3 = 1.141 and C; = —0.310 that gives a; = Cs + £C; = 1.038. Note
that this value has been also used in the paper [25]. It differs from the most
old papers where the color-suppressed factor £ was set to zero.



Nonleptonic decays of B, meson

Table 3: Nonleptonic decay widths of the B, meson in units of af - 10719 GeV.

Mode This work 2] 3] 4] [5]
B}Y — n.mt 228 +£0.46 | 2.07 1.59 0.28 | 1.47
B — n.p* 3.15+0.63 | 5.48 3.74 0.75 | 3.35
Bf — n.K* 0.17+0.03 | 0.16 0.12 0.023 | 0.15
BfYf - nK** [019£0.04] 0.29 0.20 0.04 |0.24
BY — J/ynt [1.2240.24] 1.97 1.22 1.48 | 0.82
BY — J/ypt |1203+£041] 595 3.48 4.14 | 2.32
Bf — J/wKtY [0.09£0.02 ] 0.15 0.09 0.08 | 0.08
Bf — J/YK** | 0.13£0.03 | 0.32 0.20 0.23 | 0.18
Mode 8] 9] [16] 126]

Bl — pmt 0.93 2.11 1.18 +0.10 1.49

B — n.p* 2.3 5.10 2.8910-3 3.93

Bt — n.K* 0.07 0.166 | 0.092 +0.0078 | 0.12

Bf — n.K** 0.12 0.276 | 0.17+£0.02 | 0.20

BY — J/ymt 0.67 193 | 124+£011 | 1.01

BY — J/yp* 1.8 5.49 3.5010%% 3.25

Bf — J/uK* 0.05 0.15 | 0.095+0.008 | 0.08

BY = J/yK** 0.11 0.31 | 0.2264+0.03 | 0.17




Table 5: The ratios of branching fractions.

Nonleptonic decays of B, meson

Ref. Ra,.; S ITRAT R,I;_‘i Jat R"i'r. R,;;w
LHChH [1] [ 0.0469 £ 0.0054
LHCh[10] 0.069 £ 0.019
LHCb [11] 0.079 £ 0.0076
LHCh[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
16 0.064 2 oo 0.072Z 008
18, 27] 0.0467, 0 0.082 0.63+0.0 | 029770,
[19] 0.31 0.29
[22] 0.28 0.26




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].



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.



Nonleptonic decays of B, meson

B(BS — J/¢Dy)

= 2.90 = 0.57(stat) = 0.24(syst).
BB: = fum) o o= 02

B(B; — J/ ¢ Di")

= 2.37 = 0.56(stat) = 0.10(syst).
B: —s/yDs) o 0t =010

*R. Aaij et al. (LHCb Collaboration), Phys. Rev. D 87, 112012 (2013); 89, 019901(E) (2014).



Nonleptonic decays of B, meson

Bgr—1/vpf
Rptja+ = B = 3.8 & 1.1(stat.) & 0.4(syst.) & 0.2(BF),
Bl —=J/yn+
Bﬂgf—:fjxwa_:"
RD:_'_,"TE_" = = 10.4 + 3.1(stat.) &= 1.5(syst.) == 0.6(BF),
BB;“—}Jmﬁ
BB,_?L—>_F,!1;!»D_:‘+ +1.2
RD?“L;’D;L = = 2.87 g(stat.) &= 0.3(syst.).
Bys— 1/upf

*@G. Aad et al. (ATLAS Collaboration), Eur. Phys. J. C 76, 4 (2016).



Nonleptonic decays of B, meson

ATLAS (Run 1)
LHCb (Run 1)

QCD potential
model
QCD sum rules

RCQM
BSW
LFQM
pQCD
RIQM

ATLAS

[}
]
[ |
1 2 3 4 5
BRB:-urwn:fBRn:-u.-w‘

|
[ ]
[ |
5 10
BRB:—U!wD:JBRB:-uJJm+

1 2 3 4
BRB:—;JM:D:JBRB:—MM:D:

0.2 0.8

0.4
r./T

0.6

*@G. Aad et al. (ATLAS Collaboration), Eur. Phys. J. C 76, 4 (2016).




Effective Hamiltonian



Nonleptonic decays of B, meson

FIG. 1. Pictorial representation of the matrix elements of the nonleptonic B, decays.

ay=Cy+Cy +&(C+C3) and ay = C; + C3 +E(Cy + Cy)

a,=C,+C,=093 and a,=C;+C;=-0.27



Nonleptonic decays of B, meson

The nonleptonic B, decay widths in terms of the helicity amplitudes are given by

C(B. = neDy) = Ny{ayfp;mp, Hi ™" (m}.)
+afymy He 7 (),
[(B: = n.Dy) = NW{fi'lfn,;-mﬂ,;-Hg"_w"(mzn;-)
— arf, mm_H:.g"_}D:‘-(mi)}i.
(B, — J/yDy) = NW{_HlfD;mD;H;gr_}Hw(m%J;)
Farfypmyp o (m3 )1,

* . B.—J
['(B. — J/yDy)) = Ny Z {ﬂlfn*-mﬂ;-Hs fw(min;-)
i=0,+

. B.—D;~
+ayf gy H i (m?ffw)}i-

_ G%‘ P2 T2
W=1_m_%|vcbch| :



Nonleptonic decays of B, meson

a; = +0.93 a; = +1.14
Mode ay = —0.27 ay = —0.20
B, —n.D, 0.22 0.50

B, — n,D* 0.22 0.42

B, — J/yD, 0.10 0.22

B, — J/yD? 0.41 0.78

B, = y,D 0.0073 0.016

B, — n.D* 0.0098 0.019

B, — J/yD 0.0035 0.0074
B, — J/yD* 0.017 0.031

R ~ B(Bf - J/yDit) [3.55 (ay=1.14.a, = -0.20)
DI/Dy T B(BY = J/yDY) 1396 (a; =093.a, = —0.27)

* Dubnicka, Dubnickova, Issadykov, lvanov, Liptaj, Phys.Rev. D96 (2017) no.7, 076017



Ratios of branching fractions

Rops fa+ Rpst/ae Rpppr  Tax/T Ref.
3.8+1.2 104+3.5 z_gjé-g- 0.384+0.24 ATLAS []]
2.90+0.62 2.37+0.57 0.524+0.20 LHCb [2]
1.2940.26 5.09+£1.02 3.96+£0.80 046+£0.09 CCQM

2.0 5.7 2.9 RCQM (3]
2.6 4.5 1.7 QCD PM [I11]
1.3 5.2 3.9 QCD SR [12]
2.2 BSW RQM [16]
2.06+0.86 3.01+1.23 LFQM [17]
3_45jg-‘11§’ 2_54jg-gl? 0.48+0.04 pQCD [18]
S e 0.410  RIQM [19]

e I (B = J/yDi")
I  I(Bf = J/yD:)

* Dubnicka, Dubnickova, Issadykov, Ivanov, Liptaj, Phys.Rev. D96 (2017) no.7, 076017



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

We found that our prediction for the ratios Rp.,p, and I'++/I" are con-
sistent with measurements and other approaches. The results for the ratios
Rp. =+ and Rp. )r+ are smaller than the measured values but the discrepan-
cies do not exceed two standard deviations.

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



Thank you!

*A. Einstein




