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Introduction

@ Since the discovery at CDF Collaboration at FNAL 1 B.
meson has drawn a lot of interest as it constitutes two open
flavors (b, c) being below the B — D threshold.

@ Because of the flavour conservation B meson cannot be
annihilated into pair of gluons. It can decay only through
weak interaction.

@ [he two modes of semi leptonic decays of the open flavour
heavy meson are the inclusive mode and exclusive mode.

@ in the case of B. meson,the study on the exclusive decays are
particularly important for testing the dynamics of the two
heavy flavors within it.

@ [he most precise determination of the CKM matrix element
V-, comes from the exclusive mode.



ExclusiveésemileptonicDecay Form Factors
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The semileptonic B. meson decay amplitude is written as the
product of two matrix elements as,
GF Vep

M = ——==(nc(p'[H*Bc(p)) » (¢~ (k1), 7e(k2)|Lyu[O)
V2

Where the hadronic current H* = ¢~+#*(1 — v5)b = V# — A" and
the leptonic current L, = ¢7~,(1 — v5)re. As both Bc and 1) are
pseudoscalar mesons, by the consideration of the Lorentz
covariance and parity, the matrix element of the axial vector
current (0~ |A#|0~) vanishes for all J¥ = 0% mesons.



The remaining matrix element of the hadronic current, V#
between the two JP = 0~ mesons is expressed in terms of two
form factors f+(g?) as,

(1e(P )| VHBe(p)) = ()P + P ) + F-(*)p— P )u

And the matrix element of the leptonic current between the
vaccum and the lepton pair as t(k1)y,(1 —5)v(k2). Where
g=p—p = ki + ko is the four momentum transfer and f(q?)
and f_(g?) are the dimensionless weak transition B. — 7). form
factors.



Based on the HQET the most general form of the transition
induced by the vector current V# is given by?,
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Where &(w) is a universal function known as Isgur Wise function
with w defined as,

(ne(V)| VF|Be(v)) = E(w)[v + V]
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’Kim and Xuan Yem 'Elementary particles and their interactions’,Springer
(1998)



Using Taylor series expansion and neglecting higher order terms the
Isgur Wise function can be written as,

fw)=1—-2a%(w —1)+ ...
Where a2 is the slope of the Isgur Wise function given by,
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Consequently, the form factors fi(q?) are related to the Isgur Wise

function as>
mp, = My,

2,/mp_my_

fi(q°) = &(w)

’Kim and Xuan Yem 'Elementary particles and their interactions’ Springer
(1908)



Decay rates of B, — 1.1

With the help of the form factors we can readily compute the B,
decay rates according to the general scheme

i 1 d®p d3kd®k;
- 2mp.(27)° 2E,2E126;

> IMP5*(q — ky — k)

Spins
The differential decay rate becomes

dr G
dq?>  24r3

Vep|?m} (w?=1)*2(1-2p)? [(1 + p)|Ff+(q)* + 3plfo(q?)|?]

2 2 pg2 2 2 2
Where p = 7 and fo(?) = el CRTD)
For electron or muon (me = 5.1 x 107* GeV, m, = 0.105 GeV),
my can be neglected. For the decay of B — 1. +7~ + - the 7
lepton mass m, = 1.77 GeV cannot be neglected.
Here g2 also represents the invariant mass of the lepton pair and it
varies within the range m? < ¢ < (mp, — my;.)* =Gz




Introduction to CPP, model



» The Coulomb Plus Power Potential (CPP,) is expressed in terms of a vector (Coulomb)
plus a scalar (confining) part given by [Ajay Kumar Rai et al. 2008, Ajay Kumar Rai
et al. 2005, Bhavin Patel et al. 2009, VinodKumar et al. 2007]
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P This potential belong to the special choices of the general potential,

V(r)=—Cr= + Dr’ + Vi

[Sameer 2006, Motyka 1998 Bhavin Patel et al. 2008 Song 1991] with V5 = 0, o = 1,
3 = v. There exists many potentials of this general form [Sameer 2006], for example,
Cornell potential [Eichten et al. 1980] corresponds to a« = (3 = 1, Lichtenberg po-
tential [Lichenberg et al. 1978] corresponds to & = 3 = 0.75, Song-Lin potential has
a = 3 = 0.5 and the Logarithmic potential [Quigg and rosner 1977] of Quigg and Rosner
corresponds to o = 3 — 0 ete., while, Martin potential [Martin 1980] corresponds to
a = 0,3 = 0.1 [Sameer 2003,Sameer 2004], Grant-Rosner and Rynes potential corre-
sponds to a« = 0.045, 7 = 0 and Heikkila, Tornqusit and Ono potential corresponds to
a =1, 8 =2/3 [Heikkila 1984].

P Many of the potential models discussed so far provide a very good fit to the spectra
of either the heavy flavour hadrons or the low flavour hadrons.
P The reason is that all the above potentials coincide apart from an arbitrary constant, in

the region 0.1 < r < 1 fm.
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Behavior of CPP,, of heavy meson.




The central part V(r) is given by

4 s

Ve(r) =V, + Vo = ———+ Ar”
3r
The spin-dependant part of the potential is given by

Vsp(r) = Ves(r) [S(S+1)— 2] + Vis(r)(L - 5) +

Vﬂq[ﬂs+1y-“5?”3?1

rE

The coefficient of these spin-dependant terms can be written as

B 1 dVy  dVs
Vis(r) = 2mymor (3 dr  dr )
1 d?Vy,  1dVy
Vrlr) = 6mymy (3 dr2  r dr )
1 16ma .
Vss(r) = 2y, — Loma 53 (F)

3mymo 9mymo



The running coupling constant appeared in the potential V(r) is
related to the quark mass parameter as

7
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Where n¢ is the number of the flavour, i is the reduced mass of
system and A is the QCD scale which is taken as 0.150 GeV by

fixing a. = 0.118 at the Z — boson mass (91 GeV').
The center of weight mass is given by

SN 2J + 1) My
J

M. cw =
CW S (2J + 1)
¥

The schrodinger equation is numerically solved using the
mathematica notebook of the Runge Kutta method.
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Square of the S-wave radial functions at the origin

Meson Potential (R, (0) (in GeV?) Meson Potential |R,(0)]* (in GeV®)
System Model 1S 28 35 4S8 53 6S || System Model 15 28 35 48 58 65
ot (CPP,)=0.1 0172 0.043 0.022 0.014 0.010 0.008 bb (CPP,)=01 2025 0487 0241 0.153 0.110 0.084
0.3 0323 0.117 0.071 0.051 0.040 0.033 0.3 3.611 1265 0.756 0539 0.420 0.344
0.5 0452 0205 0.138 0.107 0.088 0.076 0.5 495 2174 1455 1.118 0.919 0.786
0.7 0561 0.302 0.223 0.183 0.158 0.140 0.7 6.094 3185 2334 1905 1.638 1.453
0.8 0.609 0.353 0.272 0.229 0.201 0.182 0.8 6595 3.720 2837 2378 2.087 1.882
0.9 0654 0406 0.324 0.230 0.251 0.230 0.9 7055 4270 3379 2904 2597 2377
1.0 0.694 0.461 0.380 0.336 0.307 0.286 1.0 7476 4835 3959 3483 3171 2,945
1.1 0.732 0516 0.440 0.397 0.369 0.348 1.1 7.866 5411 4576 4.114 3808 3.585
1.3 0799 0.620 0.569 0.535 0.512 0.495 1.3 8556 6.586 5908 5529 5277  5.091
1.5 0.855 0.745 0.709 0.691 0.680 0.672 1.5 9146 7.784 7357 7136 6.999  6.904
2.0 0966 1.035 1.099 1.154 1.201 1.244 2.0 10.287 10.796 11.373 11.884 12.336 12.742
Martin[63] 0979 0.545 0.390 0.309 0.257 0.222 Martin[63]  4.423 2461 1.763 1394 1.164 1.004
Logarithmic[64] 0.796 0.406 0.277 0.211 0.172 0.145 Logarithmic[64] ~ 4.706 2401 1636 1.250 1.015 0.857
Cornell[53] 1.458 0.930 0.793 0.725 0.683 0.654 Cornell[53] 14.060 5.681 1449 3672 3.322 3.088
Buchmiiller-Tye[57] 0.794 0517 0.441 0.404 0.381 0.365 Buchmiiller-Tye[57] ~ 6.253  3.068 2356 2.032 1.845 1.721
Lichtenberg-Wills[82] 1.121 0.693 0.563 0.496 0.453 0.423 Lichtenberg-Wills[82] ~ 6.662  3.370  2.535 2,139 1.902 1.740
be (CPP,)=01 0463 0117 0059 0038 0028 0.021

03 0873 0318 0.193 0138 0108 0.089

05 1223 0555 0375 0290 0239  0.205

0.7 1520 0.818 0.605 0497 0428 0.381

0.8 1.651 0958 0.738 0.621 0547 0.494

09 L1771 1102 0880 0760 0.682 0.625

1.0 1.881 1249 1032 0912 0833 0.776

1.1 1.983 1400 1194 1.079 1.002 0.945

1.3 2164 1707 1544 1452 1.390 1345

1.5 2319 2021 1926 1878 1.847 1.827

20 2616 2808 2983 3131 3261 3.377

Martin[63] ~ 1.720  0.957 0.685 0.452 0.452  0.390
Logarithmic[64] ~ 1.508 0.770 0.524 0401 0325 0.275
Cornell[53] ~ 3.191  1.769 1449 1297 1205 1.141
Buchmiiller-Tye[57] ~ 1.603  0.953 0.785 0.705 0.658  0.625
Lichtenberg-Wills[82] ~ 2.128  1.231 0975 0846 0.766 0.711




Mass spectra (in GeV) of ¢z system (15 to 39 states) using CPP, model in comparison with known experimental and
other theoretical models.

State Potential index v Expt. ROQM Lattice NRQM NRQM
oL 05 07 08 09 10 11 13 15 20 [T 47 [120]  [67] [42]

135, 3.076 3.088 3.003 3.005 3.007 3.009 3.100 3.103 3.106 3.111 3.097 3.096 3.175  3.168  3.090
1'S;  3.045 3.008 2994 2987 2981 2976 2.971 2962 2955 2940 2980 2979 2966 3.088  2.082

1P, 3174 3357 3430 3464 3495 3524 3552 3.602 3.647 3.737 3.556 3556 3491  3.564  3.556
1°Py 3171 3.347 3419 3453 3484 3514 3542 3504 3.640 3.736 3511 3510 3490 3520  3.505
1Py 3167 3.324 3386 3414 3441 3466 3489 3.532 3570 3.647 3415 3424 3442 3448 3424
1'P, 3172 3350 3422 3455 3485 3514 3542 3592 3.636 3.727 3.526 3526 3486  3.536  3.516

235, 3.087 3.326 3.444 3501 3558 3.615 3.670 3.778 3.881 4.119 3.686 3.686 3.705 3.707  3.672
2'Sy  3.079 3200 3.390 3.439 3487 3533 3.579 3.666 3.749 3.936 3.638 3.588 3.560 3.669  3.630

1Dy 3215 3520 3.653 3715 3.774 3.830 3.883 3.081 4.068 4.249 3.815 3770 3809  3.806
1°D, 3214 30523 3.662 3.728 3.792 3.854 3.914 4.026 4129 4.354 3.813 3792 33804  3.800
13Dy 3214 3521 3.663 3.730 3.796 3.860 3.923 4.041 4152 4399 3.770 3.798 3.796  3.789  3.785
1'Dy 3214 3521 3.658 3723 3.785 3.844 3901 4.008 4105 4.314 3.811 3.782 3803  3.799
2°P, 3121 3461 3.633 3718 3.803 3.887 3.970 4.134 4292 4661 3.929" 3972 3924 3.976  3.972
2P, 3120 3455 3.624 3.708 3.792 3.875 3.958 4.120 4277 4.647 3.929 3917 3934  3.925
2Py 3118 3439 3599 3679 3.757 3835 3912 4062 4206 4.541 3.824 3870 3870  3.852
2'P 3120 3457 3.626 3.710 3.794 3877 3.960 4.121 4277 4.643 3945 3916  3.950  3.954

338, 3.074 3.445 3.647 3.750 3.856 3.962 4.060 4284 4498 5020 4.040 4.088 4106 4004 4072
31Sp  3.070 3420 3.607 3.702 3.798 3.895 3.991 4.183 4372 4.826 3991 3978  4.067  4.063




Mass spectra (in GeV) of be system (1S to 35 states) using CPP, model in comparison with known experiment
other theoretical models.

State Potential index » BS ROM ROM

0.1 0.5 0.7 0.8 0.9 1.0 1.1 1.3 1.5 2.0 [121]  [47] [122]
1°S;  6.326 6.335 6.339 6.340 6.341 6.343 6.344 6.346 6.348 6.351 6416 6.332 6.340
115y 6.305 6.279 6.268 6.264 6.260 6.256 6.253 6.246 6.241 6.231 6.380 6.270 6.260

1°P, 6.453 6.679 6.771 6.813 6.852 6.880 6.923 6.936 7.043
1P, 6.451 6.673 6.764 6.806 6.845 6.882 6.917 6.981 7.038
1°Py  6.448 6.656 6.740 6.779 6.814 6.848 6.879 6.937 6.989
1'P; 6.452 6.675 6.765 6.807 6.845 6.882 6.916 6.979 7.035
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Root mean square Radii of the ()0) and (J)g states and
Average quark velocities

P The mean square size of the meson is an important parameter in the estimations of
hadronic transition widths [Gottfried et al. 1978, Voloshin et al. 1979, Kuang et al.
1990].While the average velocity of the quarks within a quark-antiquark bound state
is important for the estimation of relativistic corrections and useful particularly in the
NRQCD formalism. It is also important in the estimation of the quarkonium production
rates [Bodwin et al. 2008|.

P Thus with our numerical radial wave functions obtained for different choices of the

potential index v, we compute the mean square radii of the meson state as

<T2>ﬂz _ []m -T‘J‘|Rﬂ;(-?')\2d--r

and the average mean square velocity of the quark/antiquark inside the quark-antiquark

bound system as [Juan-Luis et al. 2008]

"2 1 |
<i‘_2>nf ~ 20, (Bt — V(7))

Here, E,; is the binding energy of the n/" state and (V(r)),; is the expectation value

of the potential energy in that state.



Models

1P

25

1D

2P

as

2D

3P

IF

45

55

65

e

CPP,=10.1
0.5
0.7
0.3
0.9
L0
1.1
13
L5
20
Lattice[120]
NRQM([120]

0.047
0.177
0.240
0.271
0.301
0.330
0.358
0.412
0.462
0.574
0.290
0.120

0.043
0.173
0.245
0.282
(.320
(.358
0.396
0.473
0.549
(0.735
(.350
0.320

0.039
0.157
0.269
0.310
0.352
0.394
0.435
0.516
0.505
0.778
0.340
0.310

0.035
0.176
0.262
0.307
(.354
(.403
0.452
0.554
0.656
0.914
(.390
0.310

0.033
0.175
0.268
.31
0.372
(0.423
(.436
0.607
0.734
1.064
0.440
(.200

0.032
0.184
0.2583
0.335
0.394
0.453
0.514
0.640
0.770
1.103

0.310

0.030
0.179
0.283
0.341
0.402
0.467
0.535
0.679
0.832
1.238

0.036
0.200
0.295
0.350
0.403
0.456
0.511
0.619
0.727
0.936

0.029
0.150
0.2858
0.351
0.418
0.489
0.565
0.728
0.903
1.382
(.520
0.290

0.026
0.184
0.307
0.379
0.458
0.544
0.636
0.338
1.061
1.690

(.230

0.024
0.159
0.324
0.405
0.495
0.594
0.702
0.941
1.211
1.0991

0.210

bb

CPP,=10.1
0.5
0.7
0.3
0.9
L0
11
13
L5
20
Lattice[120]
NRQM([120]
NROM[128]

(L0800
0.090
0.090

0.092
0.346
0.468
0.528
0.536
0.642
0.697
0.802
0.901
1118
0.068
0.070
0.071

0.084
0.338
0.477
0.550
0.623
0.607
0.771
0.921
1.070
1.432
0.081
0.050
0.087

0.076
0.365
0.524
0.605
0.656
0.767
0.848
1.006
1.160
1.515
0.075
0.070
0.073

(.065
0.343
0.510
0.599
(.691
(.785
(.582
1079
1.279
1.781
(.085
0.080
(.03

0.065
0.341
0.522
0.621
0.725
0.833
(.946
1.153
1.430
2073
0.006
0.050
(.103

0.062
0.350
0.552
0.655
0.768
0.833
1.001
L2247
1.501
2149

0.08

0.058
0.350
0.551
0.664
0.784
0.910
1.043
1.324
1.622
2413

0.070
0.350
0.581
0.682
0.785
0.890
0.995
1.207
1415
1.921

0.056
0.350
0.562
0.653
0.514
0.953
1.101
1418
1760
2.602
(0.112
0.090
0.120

0.050
0.359
0.508
0.739
0.593
1.061
1.240
1.634
2.069
3.202

0.090

0.047
0.368
0.631
0.790
0.965
1.158
1.368
1.835
2.360
3.879

0.080

b&

0.1
0.3
0.5
0.7
0.8
0.9
1.0
1.1
1.3
L5
2.0
NROM[129]

(.069
0.117
(.155
(.188
(.203
0.216
0.229
(.240
0.262
0.281
(.319
(.180

0.038
0.002
0.144
0.195
0.220
0.244
0.268
0.290
0.334
0.375
0.466
0.180

(.035
0.036
0.141
0.199
(.229
(1.259
(.200
0.321
0.334
0.446
(.596
(.200

0.032
0.059
0.152
0.218
0.252
0.286
0.320
0.353
0.419
0.433
0.631
0.190

0.025
0.081
0.143
0.212
0.250
(.285
0.327
0.367
0.449
(.533
(.742
0.200

0.027
0.078
0.142
0.217
0.259
0.302
0.347
0.394
0.493
0.596
0.864
0.310

0.026
0.081
0.150
0.230
0.274
0.320
0.368
0.417
0.519
0.625
0.895
0.200

0.024
0.077
0.146
0.230
0.277
0.327
0.379
0.435
0.552
0.676
1.005

0.029
0.090
0.162
0.242
0.284
0.327
0.371
0.415
0.503
0.591
0.800

0.023
0075
(.146
(.234
(.285
(.339
0.397
(.459
0.591
0.733
1121
(.290

0.021
0.074
0.150
0.249
0.308
0.372
0.442
0.517
0.631
0.862
1.372
(.230

0.020
0.073
0.153
0.263
0.329
0.402
0.483
0.570
0.764
0.953
1.616
0.210
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Table 1.15

. Mean square velocity of the quark of the QQ (Q € b, ¢) states.

Models

1S

1P

2S

1D

2P

35

4S

5S

6S

3P

2D

1F

e

0
2

c

) CPP,=0.1
0.5

0.7

0.8

0.9

1.0

1.1

1.3

1.5

2.0
Lattice[52]
NRQM]|70]

0.085

0.192
0.232
0.250
0.267
0.282
0.297
0.323
0.346
0.394
0.270
0.280

0.047

0.177
0.240
0.271
0.301
0.330
0.358
0.412
0.462
0.574
0.290
0.120

0.043

0.173
0.245
0.282
0.320
0.358
0.396
0.473
0.549
0.735
0.350
0.320

0.039

0.187
0.269
0.310
0.352
0.394
0.435
0.516
0.595
0.778
0.340
0.310

0.035

0.176
0.262
0.307
0.354
0.403
0.452
0.554
0.656
0.914
0.390
0.200

0.033

0.175
0.268
0.318
0.372
0.428
0.486
0.607
0.734
1.064
0.440
0.310

0.029

0.180
0.288
0.351
0.418
0.489
0.565
0.728
0.903
1.382
0.520
0.290

0.026

0.184
0.307
0.379
0.458
0.544
0.636
0.838
1.061
1.690

0.230

0.024

0.189
0.324
0.405
0.495
0.594
0.702
0.941
1.211
1.991

0.210

0.030

0.179
0.283
0.341
0.402
0.467
0.535
0.679
0.832
1.238

0.032

0.184
0.283
0.338
0.394
0.453
0.514
0.640
0.770
1.103

0.036

0.200
0.298
0.350
0.403
0.456
0.511
0.619
0.727
0.986

bb:<

[]

Y

2

> CPP,= 0.1

0.5
0.7
0.8
0.9
1.0
1.1
1.3
1.5
2.0
Lattice[52]
NRQM][70]
NRQM]|71]

0.037

0.079
0.094
0.101
0.108
0.114
0.120
0.130
0.139
0.158
0.080
0.090
0.090

0.019

0.070
0.095
0.107
0.119
0.130
0.141
0.163
0.183
0.227
0.068
0.070
0.071

0.018

0.069
0.097
0.112
0.126
0.141
0.156
0.187
0.217
0.290
0.081
0.080
0.087

0.016

0.073
0.106
0.122
0.138
0.155
0.171
0.203
0.234
0.306
0.075
0.070
0.078

0.014

0.069
0.103
0.121
0.139
0.158
0.178
0.217
0.258
0.360
0.085
0.080

0.013

0.069
0.105
0.125
0.146
0.168
0.191
0.239
0.288
0.419
0.096
0.080

0.0890 0.103

0.011

0.070
0.113
0.137
0.164
0.192
0.221
0.285
0.354
0.543
0.112
0.090
0.120

0.010

0.072
0.120
0.148
0.179
0.213
0.249
0.328
0.416
0.664

0.090

0.009

0.073
0.126
0.158
0.193
0.232
0.275
0.369
0.474
0.781

0.080

0.012

0.070
0.111
0.133
0.157
0.183
0.210
0.266
0.327
0.487

0.013

0.072
0.111
0.132
0.154
0.177
0.201
0.251
0.302
0.433

0.014

0.078
0.117
0.137
0.158
0.179
0.200
0.243
0.285
0.387




Table 1.16: Mean square velocity of the quark of the QQ (Q € b, ¢) states.

Models

15

1P

25

1D

2P

35

4S

55

6S

3P

2D

1F

> CPP,—

0.1
0.5
0.7
0.8
0.9
1.0
1.1

2.0

0.165
0.373
0.452
0.487
0.519
0.549

0.577

0.628
0.674
0.766

0.014

0.032
0.038
0.041
0.044
0.046
0.049
0.053
0.057
0.065

0.092
0.346
0.468
0.528
0.586
0.642
0.697
0.802
0.901
1.118

0.008

0.029
0.040
0.045
0.050
0.054
0.059
0.068
0.076
0.095

0.084
0.338
0.477
0.550
0.623
0.697
0.77

0.921
1.070
1.432

0.007

0.029
0.040
0.047
0.053
0.059
0.065
0.078
0.091
0.121

0.076
0.365
0.524
0.605
0.686
0.767
0.848
1.006
1.160

1.515

0.006

0.031
0.044
0.051
0.058
0.065
0.072
0.085
0.098
0.128

0.068
0.343
0.510
0.599
0.691
0.785
0.882
1.079
1.279
1.781

0.006

0.029
0.043
0.051
0.058
0.066
0.075
0.091
0.108
0.151

0.065
0.341
0.522
0.621
0.725
0.833
0.946
1.183
1.430
2.073

0.005

0.029
0.044
0.053
0.061
0.071
0.080
0.100
0.121
0.175

0.056
0.350
0.562
0.683
0.814
0.953
1.101
1.418
1.760
2.692

0.005

0.030
0.048
0.058
0.069
0.081
0.093
0.120
0.149
0.228

0.050
0.359
0.598
0.739
0.893
1.061
1.240
1.634
2.069
3.292

0.004

0.030
0.051
0.063
0.076
0.090
0.105
0.138
0.175
0.279

0.047
0.368
0.631
0.790
0.965
1.158
1.368
1.835
2.360
3.879

0.004

0.031
0.053
0.067
0.082
0.098
0.116
0.155
0.200
0.328

0.058
0.350
0.551
0.664
0.784
0.910
1.043
1.324
1.622
2.413

0.005

0.030
0.047
0.056
0.066
0.077
0.088
0.112
0.137
0.204

0.062
0.359
0.552
0.658
0.768
0.883
1.001
1.247
1.501
2.149

0.005

0.030
0.047
0.056
0.065
0.075
0.085
0.106
0.127
0.182

0.070
0.389
0.581
0.682
0.785
0.890
0.995
1.207
1.418
1.921

0.006

0.033
0.049
0.058
0.066
0.075
0.084
0.102
0.120
0.163




The Decay Constants of the Heavy Flavored Mesons

P The decay constants of mesons are important parameters in the study of leptonic or

non-leptonic weak decay processes.

P The decay constants by incorporating first order QCD correction to the Van Royen-
Weiskopff formula are given by [Berezhnoy et al. 1996, E Braaten et al. 1995],

2

RRPJ."’TFF (0) ‘ =9

C(a)

i

f %;“V (nS) =

T M nP/V
where, the first order QCD correction factor, C'(a,) is expressed for the Q@) system as

Clog) =14 e

m

my — e . Thy r
In— — §"*
my+ms My

» Here 0" = % [145, 147] and 67 = 2 [145, 146, 147). For the QQ system, m; = mq and
my = myg. In the case of ¢z and bb systems, C/(ar,) becomes 1 — 225V as the first term

within the square bracket vanishes.



The decay constants fp,- in MeV of b¢ states (The bracketed quantities

are with QCD correction).
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