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3. THE B ANOMALIES

g | .
y &

=

-y
. eyl
|
|
(hg

I‘ a.s

|7



Why are we
sitting

A story full of successes

Discovery of parity violation

S CP violation in K decays

Lepton
Flavor
Universality Violation

'S Discovery of J/y and charm quark

) Inference on top quark mass
from B mixing

CP violation in B decays

Penta- and tetra-quarks N Sarce”

Cartoon presented by N. Cabibbo at the Berkeley conference in 1966
CP violation in D decays




what Ls Leptown FlLavor Universallt

In the SM:

Lsm = Lgauge + LHiggs+Yukawa

e LFU: e, u, 7 are all the same (y,W,Z) — expect I'e =1, =1';
e LFUV: m, #m, # m,

i = C [, T li=ep,t b — sll b— cTv
P W b —» — C
T S W 4
/
Charged Current v
! .
- LFU ratios:
b=e,mT Neutral Current
LFU ratios: B B(B — D(*)TV)
D) = =0
B(B — X pupu) B(B — D™iv)

Rx, =

B(B — X;ee) t=pe
Xs =K, K", Kg,¢

e Excess of 7 leptons

—y g —————




B Anomalles

LFU Observables Rycr [1.1,6]—

% Markers in blue(red) corresponds Ry [1.1,6] =
to dﬁ&ﬂg b — 5 and b = Riyce+ [0045,6] —

transitions
R0 [0.045,1.1]

% Markers tn orange tndicate |
- ’ 5 - RK*O [11, 6]
theoretical predwtwws with Zero
pull to themselves Rpk [0.1,6]

% Experimental value Ls then
offset its deviation from SM in 0

R(T/Qﬂ) = 0.2582(38)

B(B, —» X1~ v;)
. , for X =, J T T ]
B(B; — Xp~v,) / (1es 7/9) 4 -3 -2 -1

Pull [0’ tot]

Exp __
R;, =071+ 0.17(stst.) +0.18(syst.) R(Jj/l\g/[bs - 0-171—8:%gstattg:g%systtgﬁgtheory RJ/¢ — 0.52 +0.20

Rx =




C
why B, decays ?

1. It s the Llowest bound state having two heavy quarks (b and c)

2. The B, meson Lie tntermediate Ln mass an size between charmontum (CC) and

bottomontluum (bi?) famLLg where the heavy quark Lnteractions are understood well.

2. As it has open flavours, B, decays weakly but not via strong and radiative modes,

and therefore Lt Ls long Lived .

4. The data available tw this sector is scant. The masses of Be excited states and

even the ground state of Be* have not yet been determined.

5. The fundamental mechanism for creating the be system is considerably wmore complex,

At least proportional to the fourth power of the strong coupling constant, a?: qggg — (bc)be

&. It provides a fertile grounad as well as challenging for

both theoretical and experimental studies as it has neutrinos in their final states
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Angular Observables

Observation o-f T - polarization B — D*w, SM PREDICTIONS

P_.(D*) = -0.497 +0.013,
F;(D*)=0.441+0.006 or 0.457+0.010.

Belle Collaboration measurement of P,(D¥)

P,(D*) = —0.38 £ 0.51 (stat.)’2 "  (syst.),
F;(D*) = 0.60 + 0.08 (stat.) + (0.04) (syst.) _ T =1/2) =T, = -1/2)

, L ['(A: = 1/2) +1(4, = —1/2)
Predictions of Forward-Backward

AS Y mme’crg

\
@’ e

l+

U+U+L+L+S Forward Bvent Backward Bvent

=3
AFB_4[




B. - n(Jiwly, B. - DDy,

0, = The angle between the direction of the 2
charged lepton in the virtual W frame and the
W in the B frame

0y, = The angle between the D in the D*
frame and the D* in the B frame

¥ = The angle between the decay planes formed
by the virtual W and the D* in the B frame




— H_*_(A’_*_ + H_é_ + H()é()

b— clv, b= uly,

. 1 Ny A .
r = —=(FT —iy); €0 = 2

2
dl’; i ,(@° =mp)® -

— L= Vv, k|H,
dg? (27:)3' by 12M2g2 ol

Re(H.H')+ Re(H_H') :Unpolarized — transversed
Re(HoHy) : Longitudinal ,

Re(H+H') —Re(H_H') : Parity — odd,

3Re(H;H]) : Scalar,

Re(H;H{) : Scalar — Longitudinal Inter ference

For Pseudoscalar Meson In Final state

I'o—a, fL + fg 0~ — 0~ transition state

For Vector meson In Final State

l0r = 1—‘U r 1—‘L i L, + 1 + 1—‘P 0~ — 1 transition state
o



RELATIVIgTC INDEPENDENT HUARK M! !DEL

B~

A quark potential model succeeds when it reasonably reproduces available observed data in different
® hadron sectors. Regardless of the Lorentz structure of the interacting potential used, a

phenomenological model is considered reliable if it describes confinement &  constituent-level
dynamics within the hadron core and predicts various hadronic properties, including decays. Therefore,
it is crucial to extend the applicability of a quark model to a broader range of observed data.

- 1
Interaction Harmonic Potential: U(r) = 5(1+ Yo)(arz+ Vy) , £= \ﬁq[ii'Y”dM il nifay (1)

(a, V) = (0.017166GeV?, — 0.1375GeV) (ig,(r) !

y - L e
()= Xa WEr) = ro|xh

\/E\(;.r) == Vax g nir

(my, m., m,) = (4.77659, 1.49276, 0.07875)GeV

(Ey, E,) = (4.76633, 1.57951) GeV

—> A = e —>
Meson State: | B.( P, S Bc> = Ap. (P,Sg) | (pb, 4);(pc,4,) )

2 > \/g S
[ (B M (0,1 [d3?b e 5<3><3b s P)ch@b, ?E>

e = B =
Meson Normalization: N (P)= | dpb| G(pb,P -pb)|?




For )~ — 0 transition
H,(B, = (¢cc/uc)s—y) = (p + k), F(q*) + q,F_(q%)

(Ep, +mp)(Ep,,, +mes,) + | Dbl

(Sx(k)|VolS5,(0)) =

For ()~ — 1 transition

(M Jlr ) € {9, (P + k)qAo (%)

+(p+k),(p+k),A (g%
+q,(p +k),A_(4*)
+ i€up05(p + k)¢ V(g*)}  (4)

H,(B. — (cc/iuc)s_y) =

=12
(E,, +mp)(E, x +m.,) — |p§|
\/(pr + mb)<pr+k + mc/u)

(Sx(k,€")|A;|S5,(0)) =




LORENTZL INVARIANT FORM FACTORS

1 ME, / L
1 d g 2 r g k+ 5
2M\/N31.(0)Nx(k). PpG8. (Pb —Pb)Gx(k + Pi, —Pb)

v (Eob + mb)(EpC,q, T mc/u) T |ﬁb|2 T (Ep{, T mb)(M + Ek)
EPI’ EPL‘,’H (pr T mb)(EPc/'u T HZ(-/“)

(O)N (E) /dﬁ‘bg&(ﬁbr_m,)gx(]_(.+ﬁ'b’_ﬁb)
¢ X :

(Ep, + mp)
et 2w B. — Jlw(D¥)

1 Mm » . . - -
(M —m) \/N ONx(®) /dech(pbr_pb)gX(k+ Pbs —Pb)
B, X -

(Ep, + mb)(EgL_/“ + Mmesy) — -

VEpEren(En +mo) Bptmep) 4 2y = —EMAm) o SIMFED g oy

T 2M(M+2E) Y T (B2 =)




Predictions of LFWUYV, T -polarization & Forward-Backward Asummiety

Ratio of branching fractions
(R)(I=e,p) RIQM CQM [46] PQCD [43] LQCD [22] LCSR [82]

Rn — % 0.43 0.26 0.34 e 0.32 +0.02

¢ c 2N

Ry = B(B.—J/yrv,) 0.21 0.24 0.28 0.2582(38) 0.23 +0.01
/v = B(B.—J/yly)

Ratio of branching P, RIQM PQCD [32] Lattice + PQCD [
fractions (R) RIQM CQM [46] LQCD [33] -
P.(n) -028+00001 037+001  —036+0.01
__ B(B.—»Dw,) .81 0.63 0.682(37 TAIC
Rb = bis Dy 0 OD Ap.(J/w) -0.56+0.0003 —0.55+0.01  —0.53+0.01
Rp- = SBoD ) 0.91 0.56 P.(D) —0.47 £ 0.0001 e
(B.—~D*pv,,)
P.(D*)  0.14+0.0004

Decay process Apg(l7) Apg(lT)

B, = n.ev 2.049 x 1077 2.049 x 1077

B, — n.tv 0.357 0.357

B, — J/yev 0.180 0.180

B, - J/ytw 0.093 —0.255 LQCD = 0.058 (12)
B, = Dev 2.55 x 108 2.55 x 1078

B. — Dt 0.210 0.210

B, - D*ev 0.394 —0.394

B. —» D*tv 0.137 —0.328




LATTICE PREDICTIONS

(HPRLCD Collaboration)
comparison of g 2 distribution spectra 030

RIGM PREDICTIONS

of AFe and T polarization 0.25

0.20
0.15

0.10

Ars (Jy)
)
=

0.05

0.00

—0.05

—0.10

Our results “Qualitatively” agree with
the “Lattice Predictions”
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q*- distribution speé’cmb# P polarization

(For 1. and D) °5

0.1}

g°- distribution spectra OF AFB

(Fo.r 1. and b)




Legacy 2026 U2

Observable (9fb~ 1) (23fb~") | (300fb7)
sin 2¢1, with BY— JAp K
¢s, with BY — JAp K+ K~ [mrad]

$85 with BY — ¢¢ [mrad]
¢3
Vsl / Ve
Ryt p
Ry (1< ¢? <6GeV¥ch)
Ry~ (1 < ¢ < 6GeV¥/ch)
R(D¥)
R(J/9)
AAcp(KK — mr) [1077]

Up to Nature whether our « Wish for i)iscovery ”is Granted ... or Not ...







+epton~ “HADRON
Colliders = B Colliders

A rogra®®
_

Laser
Wakefield
Accelerators




O MESON MESON MASS (GEVY)
@)
PREDICTED 9. €2t HILLWNPAN (4 V) = (0.017166 GeV3, —0.1375 GeV)
- 2.0149 2.0101
Dt 1.8538 1.8694 Quark
)
Dt 2.0731 2.1103 .
Dt 1.9149 1.9690 —
5 0.07875
gt 5.3292 5.3246
0.07875
Bt 5.2643 5.2786
0.31575
B" 5.3720 5.4256
B? 5.3055 5.3786 1.49276
 Brdrd 3=
C S
g 6.2707 6.2749
C

Barik and Dash: Phys. Rev.D. 33, 1925 (1986)

Pramana-J. Phys: 29(6), 543-557 (1987) 27
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GLUONIC CORRECTION

Inside the mesons quark and antiquark are bound. The binding is due to exchange of gluons.

laking one gluon exchange the interaction lagrangian density is in the form of

€= 29 Al

(One gluon exchange contribution to the energy conservation)

Where A (X) is the vector-gluon fields and J" “ is the colour current

Since at small distance the quarks should be almost free, it is reasonable to calculate the shift in
the energy of meson core using first oder perturbation theory.

19




Energy shift is in the form.

(AE),=(AE)S+ (AE),

+oa;,; 3a,u
(AEN)E =a < A°,1°> (1—“‘ g ‘f)
" z \/_Ru RU Rtl

256 1 1
(AE ) =a, /1",1"00> e =%
i .Z:, 2 /9. /n BE;+m)(3E;+m)) R}

So total energy of meson in its ground state is

Ey= Ey+(AE) (AE)QI

20



CENTER OF MASS CORRECTION

*  The independent motion of quarks inside the hadron core does not lead to a state of definite total
momentum

*  The energy associated with the spurious centre of mass motion must provide a further correction to
the hadron energy obtained

Q. This prescription was given by:

1. Wong C W Phys.Rev. D 24, 1416 (1981)
2. Duck I Phys.Lett. 77, 223, 1978
3. Bertelski J et al. Phys.Rev.D. 29, 1035 (1984)

The static meson core state is decomposed into plane-wave momentum eigen state:

d>P
'M(x) > = exp(iP. X 'M(P)>
I ( ) JWM(P) p( )¢M(BI ( )
The inverse relation is:
Wy (P)

IM(P)> =

d>X —iP. X)IM(X)>
21 (pM(P)J exp( ~ 1P JOIM(X) ¥




The normalisation is as follows.:
<M(P)IM(P)> = (27)2E,5(P— P)
W (P) -
2 _ n
@ I34(p)
M (27[)3 M

This permits ready estimates of the centre of mass-momentum P

<p2> = Jd3pfm(P)P2

: : 2 ,2
(11E; + mj, )(E - m)

= ) <p*> Wh <p*> =
zq: e - 2 6(3E;, + m;)

Here <p?>, is the average value of the square of the individual quark-momentum

2
Mass of Meson : m, = [{E(J)‘[+(AE)§ +(AE)ZM} - < P> > |12

22




