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|
R(D™) puzzle

Experimental Results: BaBar: 1205.5442

B — D1 v
R(D) = BEBZDT) 6 4h010.058+0.082,
B(B — Di—1,)
B — D*r v
Ry = BB2DTT) 554 0004

B(B — D*E_V_g)

R(D) = 0.297 +0.017,
R(D*) = 0.25240.003

@ Measurements exceed the SM calculations by 2.0 o and 2.7 o for
R(D) and R(D*), respectively.
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Rk puzzle

Experimental Results: LHCb: 1406.6482

BBt — Ktutu~
Rk = B((B+ = K+Z+Z_)) = 0.74515-0%% (stat) & 0.036(syst)

SM prediction

Rk = 14+0(107%)

@ There exists a 2.6 o difference.
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-
NP beyond the SM

Glashow, Guadagnoli, Lane (GGL): 1411.0565

@ NP couples preferentially to the third generation.
(NP operator) G(ElLfy#b/L)(ﬂ’y“Tl), G = 0(1)/N3p < GE,

3 3
diz=b, = Z Ulidi, liz=m = Z ULsil
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@ Converting from the gauge basis to the mass basis, the NP operator
becomes

G[Uf3 U5 | Ut 5o [P (bryus) (A uc) + hoc.].

Also, lepton flavor violation occurs, e.g.
B - Kue,B — Kur, etc.

@ Under lepton flavor non-universality, GGL have Ry explained at the
cost of lepton flavor violation and the breaking of the GIM
mechanism.
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-
/\/\/P > AWeak: 1412.7164

o Make (NP operator) G(b,v,b, )(7,~*r,) invariant under
5U(3)CXSU(2)LXU(1)y.

by — Q= (. b)"
! ! ! !
=L = (VTL7TL)T

2 NP operators invariant under SU(2);
1 =/ ’ -/ ’
O = Gi(Quy@)(T*Ly).

02 = 6@’ QLA o' L))
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o 0(2)NP :Oftl/TV-,— + OttTT + ObbTT + Obby.,-z/.r + Othl/,— I
where last term is the charged current (CC) operator and the others
are neutral current (NC) operators.

Ot = 2Go (B by )(Fi"vsy).

Opbrr gives the (GGL) NC operator Gy(b,v,.b;, )(7, "7, ).

@ Conclusion: NP NC's (CC) come from (’)5\},’;,2)((’)55,)3)
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|
Find Rk

o Amplitude is Ay; = ASM(1 + V554, where

d dx*
L2 U3 Ui,

Vbsf,' —
Co Vi Vi

|Uf3,-\2 and

Ar g2 My,

aem 82 N3p

o Let Uy~ 1, Vi = 1, Vi & N2,
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14 2Re[VH] + |V
14 2Re[VPse] + |Vpse2

o Ry

8m g% My, Uls,|Ufs,|?

~1+ -
Cqu_:M g2 A%VP )\2

50 limit on Rk from LHCb

1 g2 M2 Ud luﬁ ‘2
2% 10—4 =82 "W ~I321~132 7 % 10—5
SGg?n, a2
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-
Find R(D™)

AGEVyp , _ _
o H= \/ic (CL'YubL)(TL'YMVTL) + h.c.
4GEVep cbrv;
Ai [517 + V I]
f
Vebrvi — 4g2 M3, Ufs3Utso Upss U,

g A%\IP Vb

AP = 3 AP = ARGyl + 2Re(VEP™) + [V
i=T,u,e

The decay rate under lepton flavor non-universality and SM are the
same apart from an overall factor.
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0 [ R(D)} = 1.33 +£.24, [ R(D) LM —1.18+ .07

Careful measurement of double ratio can rule out NP model.

7., = [z,

R(D* ex R(D)ex 2 M2 u
oAIso,[ ( *) P]:[ ( )p]%[1+8g222WUL32}
R(D*)sm R(D)sm g8 Nyp Ve

2
M Ut g,

Averaging the left hand side, 825 —%
&ine g2 N2,y Voo
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Conclusion

@ Rk and R(D(*)) puzzles can be explained by lepton flavor
non-universality.

@ A consequence of lepton flavor non-universality is lepton flavor
violation as can be readily seen when converting from the gauge basis
to the mass basis.

@ A careful measurement of the double ratio [,5((5*))} can help rule out

this non-universality.

o Collaborators: Bhubanjyoti Bhattacharya, Alakabha Datta, David
London
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