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b — ccs in Mixing and Lifetimes
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b — ccs in Rare Decay
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@ Anomalies in rare decay are reported in LHCDb analysis,
indicating a possible shift to Wilson coefficient Cy




Set Up

@ b — ccs operators contribute to mixing, lifetime, rare decay
at loop level and to B — J/¢ K at tree level
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AB =1 Operator Basis
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Constraints on New Physics at lower scales
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o q2 is the dilepton invariant mass squared in b — s£¢
@ At the lower scale pu ~ 4.6GeV there is a mild q2 dependence

@ greater sensitivity at higher ¢ = 5GeV? (black) than g2 = 2GeV? (red)




Constraints on New Physics at higher scales
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ACET (my) = 0.02ACT (Myy) — 0.19AC (Myy) — 0.01AC3 (Myy) — 0.13AC, (Myy)

+ 1.01ACs (M) + 0.30ACe (My) — 1.83AC7(Myy ) — 0.85ACs (Myy)
+ 7.21ACy (M) + 1.26AC10(Myy)

ACSY (my) = 8.48AC (M) + 1.96AC (Myy) — 4.24AC5(Myy) — 1.91ACy (M)

[Chetyrkin, Misiak, Munz arXiv:hep-ph/9612313 |
[Jager,Kirk,Leslie,Lenz 1701.09183 |




Constraints on New Physics at higher scales
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@ Unprimed coefficients are suppressed by radiative decay due to RG enhancements
@ Primed coefficients are enhanced by radiative decay due to RG enhancements and

[Jager,Kirk,Leslie,Lenz in preparation |
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CP Violation - New Weak Phases AC; (1) = |AC; (u)|e?%

@ Allowing the Wilson coefficients to be complex introduces
new weak CP violating phases

Ci(u) = CTM (1) + Re(AC: (1)) + Im(AC: ()
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CP Violation and b — ¢¢s in B — J/YK

Time Dependent CP Asymmetry

Acp(t) = Sy yK sin(AMt) — Cj/y i cos(AMt)

2mm(N /4 ) (11 2)
Sy g = DI/ E c _ J/K
/ (1+12 /4 i 12) J IYE = (Fx, ok 2)
A _ 2ip ((CD)" +(C5)"r21 + (C§)"rs1 + (CF) " ra1) (0
J/K =€ c c c c ’ Tij = .
(Cf + CSra1 + C§r31 + Cfran) (Oj)

@ Theoretically challenging to compute the hadronic matrix elements

@ Strategy: Minimize the X2 and find the best fit solutions for hadronic parameters
Im(ri2), Re(r12), |{O1)| allowed by lifetime ratio

X% = x%(Sy/uK) + X7 (Cyypr) + X2 (BB = J/9K))




Fits for hadronic paramaters
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Summary

@ Mild q2 dependence in ACq for lower scale NP and modified SM coefficients

@ For Weak scale Wilson coefficients, negative ACg shift enhanced by RG effects -
not ruled out by mixing, lifetimes and radiative decay

@ Wilson coefficients of full basis are suppressed or enhanced by RG effects due to
AC?“ in radiative decay

@ A constraint from A:l is possible in the complex case. Measurement of non zero
A%, could imply a small imaginary part in ACy.

@ CP Violation in B— — J/9K is studied through fitting hadronic parameters and
implying discrete ranges of Wilson coefficient allowed in NFA

@ Further work: Include 15, O(a;) and A _ A orrections to Naive
N my, asmy,
Factorization in B — J/¢Y K

@ Further work - extend hadronic fitting parameter analysis to further pairs of
coefficients
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B decay anomalies
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o LHCD analysis implies a negative shift to Wilson
coefficient Cy

@ Re(Cy) = 4.27 [arXiv:1310.2478]

@ ARe(Cg) = —1.04 +0.25
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AB = 0,2 Basis

AB =0: SM AB =0 : New Operators
Q5 = byu(1—=7°)s59"(1—=~9)b | Qf = byu(1—7°)s57y*(1++°)b
Q5 =b(1 —~7%)s5(1 +~°)b Q5 =b(1 —~%)s5(1 —°)b
= 15 i 5ypA
By,(1 —~%)TAsay4(1 — 45)T4p | W= 7")T 57" (1+97)T7b
h T3 = b(1—7)TAs5(1—~°)T4b
T5 = b(1—4°)TAs5(1+~4°)T4b | 4 )

M.Kirk, A.Lenz,T.Rauh, 1711.02100
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Q = (5°9u(1 — 75)b™) (5%9%(1 — 45)b7)
Qs = (8(1 +75)b%) x (5°(1 4 75)b”)

Qs = (571 +’Ys)b5) x (8P(1 4 75)b*)
Ry = 2=(5%(1 +1°)0%) x (8°(1 = %))
Ry = 2Z(5%(1 4+ 4°)b%) x (5°(1 = °)b*)
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