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Open question in SM: multi-scales
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Open question in SM: color confining

b) New hadrons !!
The gluons and the meson spectrum
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GGI Florence, 13 march 2018
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b to c/s anomalies

Anomalies in B/Bs/Bc decasy
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The decay width formulae

Semileptonic decays B. — n.l1vp have the decay widths:
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Form factors
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Heavy quark effective theory (HQET)
Qq heavy-light or Qqq heavy-light-light system
mo > Aqcp mg K AQep.
Av=Ap/mg

heavy quark flavor symmetry
heavy quark spin symmetry
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O (x) = e eV *[Q,(x) + Q,(X)],
where

?f'

) . | —
0.x) = e —Low), g =emer—Low).

h . .
Lop=Y 0y (v-D)QY.

i =1

|
( ”) 0, = 0..

2

Li=-0u—=0,—20, ..

14



® Multiplets in HQET
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Calculations in HQET
(He(0")|ey by | B.(v)) = Tr[€HETHHY
§ =8 + &y + &Y + SYy

(HC(0') |y Db, | Bo(v)) = Te[HGT* Yo (w)

Isgur Wise function:  So(w)

Eo(w) = E(w) for B, to S-wave charmonium

So(w) = Ep(w), Ep(w)v, for B, to P-wave charmonium.
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Results in HQET
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Constraints in HQET
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Model independent investigation of R_J/psi

B Considering the vacuum expectation of current operators
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Model independent investigation of R_J/psi

B |Inserting the hadronic states
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Model independent investigation of R_J/psi

B |Inserting the hadronic states
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Model independent investigation of R_J/psi

B |ntegration
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Model independent investigation of R_J/psi

Moperator product expansion
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This expansion is valid for all matrix elements, provided ¢ is much larger than
the characteristic momentum in any of the external states.
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C. G. Boyd, B. Grinstein and R. F. Lebed, Phys. Rev. D 56, 6895 (1997)



Model independent investigation of R_J/psi

mQuark-hadron duality and the inequality
1 Im B4 (1) 1 N2 (1) _, v,
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Model independent investigation of R_J/psi

B The inequality

1 dz 1 [ dt
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FIG. 1: The form factors of B, into 7.. The data is from the HPQCD lattice simulations [44];
the blue line is from the z-series based on the lattice data; the dashed line is from the LFQM
results [28]; the dotted line is from the the z-series based on the LEFQM results.
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FIG. 2: The form factors of B, into .J/i). The data is from the HPQCD lattice simulations [44];
the blue line 1s from the z-series based on the lattice data; the dashed line i1s from the LFQM
results [28]; the dotted line is from the the z-series based on the LEQM results.
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Results:

Ry

LHCb data [5]

z-Series approach

RJfL 0.71 £ 0.17(stat) + 0.18(syst)

R.UL-'

1
R.UL-'

0.25 £ 0.01
0.23 = 0.01

0.28 £0.01

0.31 +0.01
0.09 + 0.01
0.09 +£0.01
0.10 £ 0.02
0.09 +£0.01
006502
00673
014701%
004708
0.03 +0.01

=-+0.01
0.05 —0.00

[(B,— H+71+1,)

['(B. —>H+,u+f )
I'n(B.— H+717+ 0,

I'r

B.— H+u+v

M

B.—- H4+71+ 1,

(
[
1

B, — H 4 p+w,

)
)
)
)
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The new physics effects?

AGF . - ) )
Heﬂ: — 7;1"&5[(1 + CV] )C)Vl + CV:; OVQ + (.T,S'1 (—)51 + C'Sz OSQ + CTUT]'
Os, = (cLbr)(TrvL), Os, = (crbr)(TrVL).
Ov, = (cty*br)Tryuve). Ov, = (CRY"brR)(TLYuVL) .
Or = (ERU”V[)L)(?R{THVVL) .

A. K. Alok, D. Kumar, J. Kumar, S. Kumbhakar and S. U. Sankar, arXiv:1710.04127

Z. R. Huang, Y. Li, C. D. Lu, M. A. Paracha and C. Wang, arXiv:1808.03565

TABLE IV: Fitted values of the Wilson coetticients in different NP scenarios.

NP scenario value x?/dof Correlation
Cy, (1 + Re[Cy,])" + Um[Cy,])* = 1.27(6) 7.42/8 -
Cy, 0.057(50) + 0.573(73)i 6.19/8  0.750
Cs, 0.405(91) 15.5/8 —
Cs, —1.05(30) £ 1.09(12)i 5.98/8  0.3589
Cr 0.24(11) £ 0.13(8)i 8.39/8 —-0.993

30



Inputting the fitted parameters

Z. R. Huang, Y. L1, C. D. Lu, M. A. Paracha and C. Wang, arXiv:1808.03565

1+ Re(V3)]? + Im(Cy, )% = 1.27 £ 0.06.

Cy, = (0.057 4+ 0.5737) &= (0.050 + 0.0727).

Ry LHCb data [5] z-Series approach S1 S2
Ryny 0.71 £ 0.17(stat) = 0.18(syst) 0.25+0.01 0.31 £0.02 0.31 £0.01
RJ,/L- 0.23 +£0.01 0.29 +£0.01 0.28 4+ 0.01
Rj‘h, 0.28 £0.01 0.36 £0.02 0.35 £ 0.01

Ry, 0.31 +£0.01 0.39 £0.02 0.41 £ 0.02
R, 0.09 +0.01 0.11 +£0.01 0.124+0.01
Ry, 0.09 £0.01 0.11 +£0.01 0.12£0.01
RL, 0.1040.02  0.110.02 0.13 %+ 0.01
I?i‘cl 0.09+0.01 0.11+£0.010.1240.01

Rp, 006%50  0.08%50 0.08%g05y

RE 0.061903 0.081003  0.071503

i 0.14%50)  0.18%55  0.1775%,
Ry 00455 0.05%gg;  0.05%Gy
RE 0.034£0.01  0.040.01 0.04 % 0.01
R 005108 00600 o070l
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Summary

The theoretical uncertainties are reduced. The unitary
constraint on the form factors is model independent.

Issue of b to c/s anomalies is still an open question, which
IS hard to understand within the current data.

The helicity dependent observations and other
iIndependent channels can provide more information to
understand these anomalies.
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