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THE LHCB COLLABORATION REPORT IN 2013

|:| SM arXiv:1303.5794
[ sm arxiv:1212.2263

—$— LHCb 1fb™

Ex. of Super-symmetric
particles being produced

; Standard Model expectation
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Forward-Backward Agymmetr

q’(GeVZich)

Invariant mass of lepton pair

*Phys.Rev.Lett. 111 (2013) 191801
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R. Aaij et al. (LHCb Collaboration), J. High Energy Phys.

09 (2015) 179.



b-s anomaly

« B>K" utur * Upto 3.70
* B outu e upto3.lo
* Booutw e Upto 56 !

2015*



New physics in b—s
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Comparison between the SM predictions (gray boxes), the experimental measurements (blue data points) and the
predictions for the scenario with CY'F = —1.5 and other C¥F =0 (red squares).

* J. Matias, Phys. Rev. D 86, 094024 (2012).
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b-s anomaly
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b-s anomaly
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b-s anomaly
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b-s anomaly

* B-K" ptw e Upto3.7c¢ ??
* B outu « about2.2 ¢
* Boutuw e lessthan 2 ¢

Phys.Rev. D91 (2015) no.7, 074007 (arXiv:1502.05280)

Phys.Rev. D93 (2016) no.9, 094022 (arXiv:1602.07864)

Phys.Part.Nucl.Lett. 15 (2018) no.4, 393-396 (arXiv:1807.04996) Now*


http://arxiv.org/abs/arXiv:1502.05280
http://arxiv.org/abs/arXiv:1602.07864
http://arxiv.org/abs/arXiv:1807.04996
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Experimental data

Relative decay rates of B, meson.

Parameter Measurements Average

B(B. — J/¢yDy)/B(B: — J/vm™)
LHCD [5]: 2.90 £ 0.57 + 0.24

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

ATLAS [13]: 2.8%12£0.3 ) 604078

LHCD [5]: 2.37 £ 0.56 £+ 0.10

B(B: — J/¢D: [B(B: — Jj4m )
ATLAS [13]: 104 +3.1+£1.6 104 +£35

B(B. — J/yK )/B(B, — J/om)
LHCDb [29]: 0.069 = 0.019 £ 0.005 0.069 £ 0.020

B(B. — J/YyK K ' )/B(B. — J/vm)
LHCDb [12]: 0.53 £ 0.10 = 0.05 0.53 £ 0.11

B(B, — J/Yyn n x")/B(B, — J/vn)
LHCbD [30]: 3.0+0.6 £0.4
LHCD [10]: 2.41 £0.30+0.33  2.57+0.35
CMS [31]: 2.55 & 0.80 F2-23

B(Be — ¢(25)m )/B(Be — J/y7)
LHCb [32]: 0.268 £ 0.032 = 0.009 0.268 £ 0.033




Semileptonic decays of B, meson

Candidates per bin

B(Bf — J/¢tw,)
B(BZ — J/yutuy,)

= 0.71 £ 0.17(stat) £ 0.18(syst).

—— Data
Mis-ID bkg.
" J/w comb. bkg.
B, — x (IP)"v,
BB —Jytty,

Bl B - Jyuty,
B /v +u comb. bkg.
B 3. - JyH:
B 3. — w(2S)v,
*R. Aaij et al. Phys.Rev.Lett. 120 (2018) no.12, 121801
arXiv:1711.05623



Model parameters

My /d Mg M, my A ‘

0.241 0428 1.67 5.05 0.181 ‘ GeV

ﬁﬁc ﬁ_;!.rw Ap J'LD- ﬁﬂ ﬁD; Ap .t"!LB* Ap

a8 =

273 387 174 16 153 1.75 156 196 1.8 205 | GeV

i

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

mpg My, M g /4 mp m - mp, mp- ‘ ‘ TB.

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



Leptonic decay constants

Cry,
‘\fj q192
d*k
(2m)4i
Ip=iy, Tv=ev-7,

M(Hypy - Iv) = M (p) iy(ky) O uy(ky ).

M (p) = =3g12

Oy (=) tr [Ty Satk — 3, p) O Sk + ¢}y p) | -

M(p) = —ifpp*. M, (p) = fymyey,.

s, In, Law Ip /D I, I ;
489 628 415 206 244 257 272

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



Form factors B, decays

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

B.— D Bl — D, B. =,
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, Ivanoy, Liptaj, Phys.Rev. D96 (2017) no.7, 076017



Form factors B, decays

FIG. 1: The F;(q*) and F_(g*) form factors for B, = D,B. — D, and B. — 7. 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 Ap,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



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

amplitudes

The semileptonic Bcldeéay widths are given by

q*
GZ (qz . H'fz 2|p2|
[(BD - Mz 1y) = L chfdz f
( b= Vel | T
2
ny

2 3 .2
X {[1 + %} Z (h’f"_””ra"(qu))2 + ZL(; (Hff_’ME"(qz))z] ;

==.0
T 2 92
0 _ G- gf ,(q" = m))” |pal

[(B-— D [7) = V2 | d
(& : (21?)3' ¢ 4 12m7 ¢*

m;

m? —0 2 3m? —0 2
x 1+—-‘] (Hfg"_’ﬂ (qﬂ)) b2 (H‘Bf_’ﬂ (.:;2)) ,
{[ 2q° :;D * 2¢* V1

—0
where g% = (m; — 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.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/utv | 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 tv | 0.0021 0.0021 | 0.0094 | 0.002 0.0022
B, — Dty | 0.006 0.0038 | 0.034 0.018 | 0.018 | 0.011
B: » D v | 0.0034 0.0022 | 0.019 | 0.008 0.006

*Issadykov, lvanov, Nurbakova, EPJ Web Conf. 158 (2017) 03002




Branching ratios of semileptonic B, decays

i | | | I | | | |
1
bk = ® ® % & W ® 8 ® ® § § 8 8 S 8 W S  § 8 W S W 8 8 ® W 8 W S W S S ® 8 8 W S N N S ®
R W LHCb
0.8 & Predictions
E L
0,6
e
04 |
i * *
5 E ¢ L 4 & 'Y
02
o L | | l | | | ! 1
LHCh This Anisimov  Ivanov Kiselev Tvanav Wang Rui
2017 wark 1999 207 2002 2 2012 2016

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

g* (GeV?)

*Tran, lvanov, Korner, Santorelli, Phys.Rev. D97 (2018) no.5, 054014
arXiv:1801.06927



Nonleptonic decays of B, meson

LHCb collaboration:

B(B: — J/Jym™)
B(Bf — J/ut+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

n 0.1 I I I I | | | I
0.09
¢ ¢

0.08 ¢

0.07 ¢
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0.03 e | HCbh measurement

0.02
0.01 ® Predictions

n | | | | 1 | 1 |
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*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/YK™)

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

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

The predicted ratio of these branching fractions is proportional to

Ve S+
Vid frt

2

+ W+
BUB. = J/K™) — 0.077

B(BF — Jjym+)

B(B: = J/¢K™)
B(B — J/um+)

= 0.079 £ 0.007(stat) £ 0.003(syst).

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



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
DB P*Me) = B2y vt o) fompf? (P (),

16 T m?
(PT =n",K", and ¢ = d, s, respectively),

2
D(BY = VM) = OF el Vo frml? 3 (HE (i)
16m i=0,1+

(VT =p",K*", and g = d, s, respectively).



Nonleptonic decays of B, meson

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

Mode This work 2] 3] [4] 5]
B}Y — pmt 228 +£0.46 | 2.07 1.59 0.28 | 1.47
Bf = npt 3.15+0.63 | 5.48 3.74 0.75 | 3.35
Bl — n.K* 0.17+0.03 | 0.16 0.12 0.023 | 0.15
Bf - n. K" [0.19£0.04] 0.29 0.20 0.04 | 0.24
BY — Jfynt |[1.22+024] 1.97 1.22 1.48 | 0.82
BY — J/vpt  |12.03£041] 5.95 3.48 4.14 | 2.32
BfY — J/YKY [ 0.09£0.02] 0.15 0.09 0.08 |0.08
BY — J/K*t [ 0.13£0.03 | 0.32 0.20 0.23 | 0.18
Mode 8] 9] [16] 126]

Bt — not 0.93 2.11 1.18 4+ 0.10 1.49

Bf — n.pt 2.3 5.10 2.8910-21 3.93

B}Y — Kt 0.07 0.166 | 0.092 +0.0078 | 0.12

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

BF — J/ymt 0.67 193 | 1.24+£0.11 | 1.01

BY — J/up* 1.8 5.49 3.501 000 3.25

Bf — JjuK* 0.05 0.15 | 0.09540.008 | 0.08

BY — J/uK** 0.11 0.31 | 0.2264+0.03 | 0.17




Model parameters

fﬂ' 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 p = 4 GeV at leading order with A(n?g = 225 MeV. One
has Cy = 1.141 and C; = —0.310 that gives a; = Cy + £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 5: The ratios of branching fractions.

H.l:f. Rﬂ TR R,I;_‘i St R"J.—. R,;;w
LHCb [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 75 s 0.072Z o0s
18, 27] 0.04675 00 0.082 0.63+£0.0 | 0.29750,
[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

BB — J/yD;)

= 2.90 * 0.57(stat) = 0.24(syst).

BB — J/¢ym")

B(B; — J/yDi")

= 2.37 = 0.56(stat) = 0.10(syst).
BB: —J/yDf) o oeny =010

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



Nonleptonic decays of B, meson

Bps— 1w pf
Rn_i;n+ = B = 3.8 + 1.1(stat.) 4= 0.4(syst.) + 0.2(BF),
B —J/ya+
BE;F—:J;@_:"
RD:+,:‘;-:+ = = 10.4 + 3.1(stat.) &= 1.5(syst.) + 0.6(BF),
BBj—:rj,warJr
Byt vt 12
RD:Jr,r‘Dj = = 2.87g(stat.) £ 0.3(syst.).
Bp+ 1yt

*@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:fBRB:-mw‘

n
[
|
5 10
BRB:-ufwn:JBRB;-.J.'m*

1 2 3 4
BRB:-rJ.'qIB:JBRB:AJIq:D:

0.2 0.8

0.4
r.Jr

0.6

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




Nonleptonic decays of B, meson

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

. B, —n,
F(Bc - F?ch) — NW{HIJ(D;mD;HI 1 (mzﬂg)
. B.—D,
+ayfymy H T () 1

F(Bc — fch;) = Nw{alj'ﬂa-mD;-Hg"_}ﬁ"(m%r-)

4
— arf, m,?{_Hf"_}D‘}-(mi)}i.
(B, — J/yD,) = NW{_alfD;mD;H:'gr_’Hw(m%J;)
FarfopmipHo " (m3,)1,
['(B. — J/wDy)) = Ny ; {ﬂlfn*-mn;-H?r_}w(mzn;-)
i=0,+

. B,—D}"
+axf j ey H; ! (m?;;w)}z-

_ G%‘ P2 T2
W=1_m_%|vcbch| .



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 = Cy + C3 +&(Cy + Cy)

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



Nonleptonic decays of B, meson

a; = +0.93 a; = +1.14
Mode a» = —0.27 a, = —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, = n.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

B(Bf — J/yD:*) {3.55 (a; = 1.14,a, = —0.20)

Rpe /pr =
Di/Bs = B(BY = J/yDY) 396 (a; =0.93.a, = —0.27)

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



Ratios of branching fractions

Rt jat Rp/we Rpempr  Tax/T Ref.
3.8+1.2 10.443.5 z_gjflj-g 0.38+0.24 ATLAS [1]
2.90+£0.62 2.374+0.57 0.52+0.20 LHCb [2]
1.294+0.26 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 [11]
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-’i‘1f 2_54jg-gl? 0.48+0.04 pQCD [18]

0.410 RIQM [19]

I T[(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 ¢ 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
Ric+ =+ are mm good agreement with the LHCb data and other theoretical
approaches.

We found that our prediction for the ratios Rp-/p, and 'y /' are con-
sistent with measurements and other approaches. The results for the ratios
Rp, =+ and Rp. jz+ 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 {y channel which
currently has quite large uncertainties. This might be very important since 1t
may 1imply that the new physics (if there 1s any) has strong couplings to the
leptons but not hadrons.



Thank you!

*A. Einstein




