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Introduction

Use few examples (popular global fits) and reflect
on the measurements used and how they will evolve

In general , we search for NP indirectly in processes where SM contributions
are suppressed, and so , small NP effects can become visible (or even dominant )

Phenomenologically , we can classify potential NP contributions as

∘ ΔF = 2 (neutral B mixing)
− 2nd order weak transition in SM, can be enhanced by NP

∘ ΔF = 1 (B decays)
− Loop suppression (NP can enter through trees, e.g. FCNC)
− Helicity suppression (Vector -mediated SM transitions are

small compared (pseudo) scalar -mediated NP)

[not mentioning about NP in tree- level decays, see for example
M.Tanaka and R.Watanabe, arXiv :1608.05207 and coming B2TiP report

RD(*) , R π=
B(B→π τ ν)
B(B→π l ν)

, R ps=
B(B→τ ν)
B(B→π l ν)

, Rpl =
B(B→τν)
B(B→μν)

...



Sensitivity to new physics
in Bd , Bs and K mixings

Ref : Z.Ligeti , M.Pappuci , CKMfitter
arXiv :1309.2293, arXiv :1501.05013

but also similar studies:
M. Ciuchini et al , hep-ph /0012308
M. Bona et al , hep-ph /051199
J. Laiho et al , arXiv :0910.2928
G.Eigen et al , arXiv :1503.02289

[See M.Bona 's talk ]

[See A.Perez's talk ]



Δ F = 2: New Physics

∘ M12 dominated by (virtual) top boxes
[affected by NP , e.g. if heavy new particles in the box ]

∘ Γ12 dominated by tree decays into (real) charm states
[affected by NP if changes in (constrained) tree- level decays]

∘ Tree level (4 diff flavours) processes not affected by NP

Model-independent parametrisation under the assumption
only changes modulus and phase of M12

d and M12
s

M12
q
= (M12

q
)SM × Δq Δq = |Δq |eiϕq

Δ

= (1 + hq e2iσ q)

affects Δmq (⇔|Δq |), aSL
q
(⇔ Δq) , ΔΓq and ϕBq

(⇔ ϕq
Δ
)

Δmd , Δms , β , ϕs , aSL
d , aSL

s , Δ Γs to constrain Δd and Δs

Evolution of B(s)
0 system is described by H=M−iΓ/2

Off -diagonal terms M12 , Γ12 responsible for oscillations



ΔF = 2: CKM projections

Observables not affected by NP, used to fix CKM:
| Vud | , | Vus| , | Vub | , | Vcb| , γ and γ(α) ≡ π−α−β (ϕBd

cancels)

[CKMfitter , arXiv :1501.05013 ]

Stage I Stage II
7 fb−1 LHCb

+ 5 ab−1 Belle II
50 fb−1 LHCb

+ 50 ab−1 Belle II



Unlimited γ

[See D.Cervenkov 's talk ]

σ γ ∼ 6∘

(too) conservative estimate ⇒

much more modes / ideas
⇒ see WG5's summary



|Vub | from B→π l ν at Belle II [See M.Lubej's talk ]



ΔF = 2: CKM projections

Stage I Stage II

Observables not affected by NP, used to fix CKM:
| Vud | , | Vus| , | Vub | , | Vcb| , γ and γ(α) ≡ π−α−β (ϕBd

cancels)

7 fb−1 LHCb + 5 ab−1 Belle II 50 fb−1 LHCb + 50 ab−1 Belle II



[CKMfitter , arXiv :1501.05013 ]

Stage I Stage II
7 fb−1 LHCb

+ 5 ab−1 Belle II
50 fb−1 LHCb

+ 50 ab−1 Belle II

Δmd , Δms , β , ϕs , aSL
d , aSL

s , Δ Γs to constrain Δd and Δs

Δ F = 2: NP fit



Δmd

mostly single analysis
with 152MBB

mostly single analysis
with 3 fb−1

end of the road ?



Mixing-induced CP violation in B→ J / ψK0

3 fb−1 , arXiv :1503.07089A(t ) =
Γ(B)−Γ(B)
Γ(B)+Γ(B)

A(t ) = S sin(Δmd t) −Ccos(Δmd t)

S= sin2β
C= 0

β = (21.9±0.7)∘ WA 2015

S= 0.731± 0.035± 0.020
C=−0.038± 0.032± 0.005

Belle : 0.67± 0.02± 0.01
BaBar : 0.69± 0.03± 0.01



Mixing-induced CP violation in Bs→ J / ψK K

[3 fb−1 , arXiv :1411.3104]CP violating phase

ϕs =−0.058 ± 0.049± 0.006

CP violating in mixing or direct decay (no CPV : |λ |=1)

|λ | = 0.964 ± 0.019 ± 0.007

Decay width difference ΔΓs= (ΓL − ΓH) = 0.0805± 0.0091± 0.0032 ps−1

Δ Γs(SM) = 0.087± 0.021 ps−1

ϕs(SM)=−0.0363 −0.0014
+0.0012 rad

ϕs=−0.010± 0.039 rad
[combined with J /ψπ π]

[See G.Cowan's talk ]



Semileptonic asymmetries

use semileptonic B(s)
0 decays

ACP ≡ aSL =
Γ(B→B→f )−Γ(B→B→f )
Γ(B→B→f )+Γ(B→B→f )

Ameas(t) =
aSL

2
(1−

cos(Δmt)
cosh (ΔΓ t /2)

)

Standard Model predictions
[A.Lenz , arXiv :1205.1444]

aSL
d = (−4.1± 0.6)×10−4

aSL
s = (+1.9 ± 0.3)×10−5

∘ No tagging needed. Time-dependent (B0) or time-independent (Bs
0) SL

asymmetry measurement
∘ 3σ tension coming from D0 dimuon asymmetry measurement

aSL
d
[%]

aSL
s = (0.39± 0.26 (stat) ± 0.20 (syst ))%

[Phys.Rev.Lett.117(2016)061803]

!!



ΔF = 2: Current constraints
[CKMfitter , arXiv :1501.05013]

Δd = 0.88−0.10
+0.22

+i (−0.11−0.05
+0.07

) Δs = 1.01−0.09
+0.17

+ i (+0.02± 0.04)

Bounds/prospects for New Physics at :

∘ Stage I: 7 fb−1 LHCb + 5 ab−1 Belle II
∘ Stage II: 50 fb−1 LHCb + 50 ab−1 Belle II

M12=M12 .Δ , Δ = |Δ |eiϕΔ



Δ F = 2: Inputs

NB: No D0 ASL input

[CKMfitter , arXiv :1501.05013]



Δ F = 2: NP !!

Stage II2013

Hypothetical Stage II fits for NP, assuming that all future experimental results
correspond to the current best - fit values of ρ , η, hd, s , σd, s

σ s vs hs

σd vs hd

ideal scenario...



ΔF = 2: bounds for Bd , s mixings

Stage I Stage II2013



Stage I Stage II

NP contribution to the mixing

from
Cij

2

Λ2 (bLγ
μq j , L)

2

h ≃ 1.5
|Cij |

2

|V ti V tj|
2

(4π)2

GFΛ
2 ≃

|Cij |
2

|V ti V tj|
2 (

4.5 TeV
Λ

)
2

ΔF = 2: bounds on energy scale

probe new particles with CKM- like couplings with masses , M, in the 10-20 TeV range if
contribute at tree level (Λ∼M) , in 1-2 TeV range if enter with a loop suppression (Λ∼4πM)



NP in K mixing , ΔF = 2: ϵK

∘ K , Bd and Bs mixings in general not related
∘ ϵK not enough to bound NP in K mixing , even if NP only in tt box
∘ but in the case of MFV , possible to exploit all neutral mesons

h= hd e2iσd = hs e2iσs = hK e2 iσK with σi = 0 (mod π/2)

MFV caseArbitrary NP in tt K boxes - Stage II



Sensitivity to new physics
in rare B decays

References:
M.Ciuchini et al , arXiv :1512.07157
T.Hurth et al , arXiv :1603.00865
S.Descotes-Genon et al , arXiv :1510.04239
...



Effective field theory

NP changes short -distance Ci and/or add new long- distance ops O'i



Constraints on NP from radiative B decays
A.Paul , D.Straub, arXiv :1608.02556



Constraints on NP from radiative B decays
A.Paul , D.Straub, arXiv :1608.02556

At Belle II, significant improvement in the 
determination of ACP(t ) in KS

0
π

0
γexpected.

∘ Belle II vertex larger than Belle (6 → 11.5cm)
∘ 30% more KS with vertex hits available
∘ Effective tagging eff. 13% better

[See talk of S.Sandilya ]



Constraints on NP from radiative B decays
A.Paul , D.Straub, arXiv :1608.02556 [See talk of A.Oyanguren ]

[arXiv :1609.02032]

∘ Fit untagged decay - time rate

ΓBs→γ
(t) ∝ [cosh(ΔΓs t /2) − AΔsinh (Δ Γst /2)]

AΔ≃ sin2ψcosϕs tanψ≡
A (Bs

0→ϕγR)

A (Bs
0
→ϕγL)

∘ Control acceptance by using B0
→K *0

γ decays

AΔ
= (−0.98 −0.52

+0.46
−0.20
+0.23

)

to be compared with

ASM
Δ = 0.047 −0.025

+0.029

Ratio of yields Bs→ϕ γ/B
0
→K *

γ



Constraints on NP from radiative B decays

S.Jager , J.M.Camalich [arXiv :1412.3283]

∘ Angular analysis of Bd
0
→K *e+e− at very low q2

(∈ [0.002, 1.120] GeV2
)

[LHCb, arXiv:1501.03038]
see F.Polci 's talk

A.Paul , D.Straub, arXiv :1608.02556



Constraints on NP from radiative B decays
A.Paul , D.Straub ,
arXiv :1608.02556

∘ inclusive and exclusive branching ratios strongly constrain NP contributions to
the real part of C7

∘ more precise measurement of time-dependent CP asymmetry in B→K*
γ

∘ improved measurements of the B→K*e+ e− angular analysis at very low q2

∘ measurements of radiative baryonic decays Λb→Λ
(*)γ



Global fits including also b→s l+ l−

(many more observables)



Global fits Hurt , Mahmoudi , Neshatpour
arXiv :1603.00865

Global fits of the observables by minimization of

χ2 = (O⃗th−O⃗exp).(Σth + Σexp)
−1 .(O⃗th−O⃗exp)

(Σth + Σexp)
−1 is the inverse covariance matrix

More than 100 observables relevant for leptonic and semileptonic decays:



Global fits Hurt , Mahmoudi , Neshatpour
arXiv :1603.00865

NP manifests itself in the shifts of the individual coefficients with
respect to the SM values: Ci(μ) =Ci

SM
(μ) + δCi

global fit results using full FF approach global fit results using soft FF approach

Assuming NP to appear in two operators:



Global fits
' 'Latest Belle measurement of branching ratio is based on less
than 30% of the total luminosity ' ' Belle hep-ex /0503044

[See T.Hurth 's talk ]

⇒ B (Xsμμ)high q2 , B (Xsμμ)low q2 ,

B(Xsee)high q2 , B(Xsee)low q2

[Belle, sum-of -exclusive, full stat ]
[PRD 93 (2016) 032008]

[See S.Sandilya 's talk ]

∘ B(B→Xs ll) w /full Belle data sample soon ?
∘ B→Xs ll at LHCb ?



Hurt , Mahmoudi , Neshatpour
arXiv :1410.4545

If NP then the effect of C9 and C9 ' are large enough
to be checked at Belle II with theoretically clean modes

[see J.Virto 's talk ]





Global analysis of b→sl l anomalies

In global fits of the WC to the data , scenarios with a large negative C9
NP

are preferred over the SM by typically more than 4σ

(2013) (2016)

[S.Descotes -Genon, Q.Matias, J.Virto]



Consistency of different fits

[See J.Virto's talk ]

∘ Good consistency between BRs and Angular observables
∘ Good consistency between different modes
∘ Good consistency between different q2 regions



NP or hadronic effect ?

Possible explanations for shift in C9:
a potential new physics contribution C9

NP enters amplitudes always with

a charm-loop contribution C9
cc i (q2)

⇒ spoiling an unambiguous interpretation of the fit result in terms of NP

NP e.g. Z ', leptoquarks hadronic charm loop contributions



NP or hadronic effect ?

[W.Altmannshofer et al ,
arXiv:1503.06199]

[S.Descotes-Genon et al ,
arXiv :1510.04239]

Bin-by -bin fit of the one-parameter scenario with a single coefficient C9
NP

C9
NP doesn 't depend on q2 ,

C9
cc i(q2) expected to exhibit a non-trivial q2 dependence

⇒ definitely need more stat.



Lepton-flavour universality violation

QCD effect could not explain the tension in RK !!

Hurt , Mahmoudi , Neshatpour
arXiv :1603.00865

Fit prefers an electron-phobic scenario with NP coupling to μ+ μ−

S.Descotes-Genon et al ,
arXiv :1510.04239

W.Altmannshofer et al ,
arXiv :1411.3161



[See J.Camalich 's talk ]

Sensitive probes of LUV and allow to distinguish between different
NP scenarios:
∘ ratio e /μ of AFB(B

0→K* l+ l− )
[4, 6] GeV2 [W.Altmannshofer and D.Straub]

∘ <AFB(B
0 →K*μ+μ−)>/<AFB(B

0 →K*e+e−)> at q2 ∈ [4, 6] GeV2 , [15, 19] GeV2

[F.Mahmoudi et al ]

∘ <Qi >=<Pi
μ> - <Pi

e>... [Q.Matias et al ]

Only 2.6σ deviation for RK ... Need more information: R
K * , Rϕ ...



Conclusion

∘ New Physics may manifest itself in B physics in many ways

∘ Number of exciting tensions !!

∘ Expect much more data , improved analyses

∘ Look for new observables: CP- violation , time-dependence,
involving τ , LFV observables...
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