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Outline

□ b→ sℓℓ: Model-Independent Fits to NP [6’]

+ Looking ahead (RK and more) [3’]

□ b→ sℓℓ: Fits to hadronic contributions [6’]

+ Prospects [3’]
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NP fits to b→ sℓℓ



A legacy of LHC Run 1
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b→ sℓℓ Observables – Total ∼ 174

Bs → µ+µ− B→ Xsµ+µ− B→ K∗γ B→ Xsγ

B→ Kµµ B→ K∗µµ Bs → Φµµ Λb → Λµµ

BRs AOs Low q2 Large q2

RK RK∗ LFU LFUV

LHCb Belle/BaBar ATLAS CMS
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“Anomalies”

□ Observables with larger pulls:
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Interpretation Layers
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Effective Theory for b→ s Transitions

For ΛEW,ΛNP ≫ MB : General model-indep. parametrization of NP :

LW = LQCD + LQED +
4GF√
2
VtbV⋆ts

∑
i

Ci(µ)Oi(µ)

O1 = (c̄γµPLb)(s̄γµPLc) O2 = (c̄γµPLTab)(s̄γµPLTac)

O7 =
e

16π2mb(s̄σµνPRb)Fµν O7′ =
e

16π2mb(s̄σµνPLb)Fµν

O9ℓ =
α

4π (s̄γµPLb)(ℓ̄γ
µℓ) O9′ℓ =

α

4π (s̄γµPRb)(ℓ̄γ
µℓ)

O10ℓ =
α

4π (s̄γµPLb)(ℓ̄γ
µγ5ℓ) O10′ℓ =

α

4π (s̄γµPRb)(ℓ̄γ
µγ5ℓ),

SM contributions to Ci(µb) known to NNLL Bobeth, Misiak, Urban ’99; Misiak, Steinhauser ’04,

Gorbahn, Haisch ’04; Gorbahn, Haisch, Misiak ’05; Czakon, Haisch, Misiak ’06

CSM
7eff = −0.3, CSM

9 = 4.1, CSM
10 = −4.3, CSM

1 = 1.1, CSM
2 = −0.4, CSM

rest ≲ 10−2
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Global Fits to all data

Perform a global fit to 174 observables (or 17 LFUV observables)
Capdevila, Crivellin, Descotes-Genon, Matias, JV 2017
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▶ Observed LFNU consistent with B→ K∗µµ Anomaly

LNP ≃ (35 TeV)−2 [s̄ γνPL b][µ̄ γν µ] Descotes-Genon Matias JV 2013
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P′5 (B→ K⋆µµ) = “LFNU Prediction” (2017)

Capdevila, Crivellin, Descotes-Genon, Matias, JV 2017
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data from LHCb
data from Belle

Pred from LFUV
SM from DHMV
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Red: Best fit point from LFNU-only fit
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Fit to RK , RK⋆ and Bs → µ+µ−

▶ RK(⋆) constrain ≃ (CNP
iµ − CNP

ie ). But let’s assume NP in µ only...

LNP
eff = −4GF√

2
αem

4π

{
CNP
9µ [s̄γνPLb][µ̄γνµ] + CNP

10µ [s̄γνPLb][µ̄γνγ5µ] + · · ·
}

Li-Sheng Geng et al 2017
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Looking ahead: RK and more

Disclaimer: Theorist speculations involved

□ R2014K = 0.745+0.090−0.074 ± 0.036 −→ 3/fb (2011-12)

□ + 2/fb (2015-16) −→ Out next week?? (not full Run 2)

□ + improved selection⇒ 15% more events from Run 1

+0.090
−0.074 ×

√
3

3+ 2× 2 ×
√

1
1.15 = +0.055

−0.045
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Looking ahead: RK and more

Disclaimer: Theorist speculations involved

□ R2014K = 0.745+0.090−0.074 ± 0.036 −→ 3/fb (2011-12)

□ + 2/fb (2015-16) −→ Out next week?? (not full Run 2)

□ + improved selection⇒ 15% more events from Run 1

+0.090
−0.074 ×

√
3

3+ 2× 2 ×
√

1
1.15 = +0.055

−0.045

⇒ R2019K = +0.055
−0.045 ± 0.030
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Looking ahead: RK and more

Disclaimer: Theorist speculations involved

□ R2017K∗ = 3/fb (2011-12) +2/fb (2015-16) for this fall??

□ RKp, Rϕ and RKππ ∼ 2020

□ Also B→ K∗µµ AOs 5/fb update for ∼ fall (?)

□ B→ K∗ee and Bs → Φµµ ∼ 2020

□ Unbinned analyses for end 2019 or 2020 (see later)
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Complementarity with inclusive measurements at Belle-2

▶ Belle-II is directly sensitive to the b→ s anomaly with B→ Xs µ+µ−
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Belle-2 Projections: Inclusive b→sll

Huber, Ishikawa, Virto '2016

Contours: SM Pull with 50/ab: BR & AFB

Red: Exclusive Fit (arXiv:1510.04239 [hep-ph])
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Huber, Ishikawa, JV, “The Belle II Physics Book” 12/26



Prospects from LHCb Phase-2 upgrade

□ LHC Phase-2 will put experimental errors to negligible levels (∼ 2035)
CERN-LHCC-2017-003, LHCb EoI

□ Bottleneck is SM uncertainties:
Assuming vanishing exp uncertainties

Pull(P′[2.5,4.0]5 ) = 3.5σ
Pull(P′[4.0,6.0]5 ) = 6.5σ
Pull(P′[6.0,8.0]5 ) = 5.4σ

□ Good motivation to improve on the theory.
□ Huge improvement in e+e− modes too.
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Hadronic (+NP) fits to b→ sℓℓ



Exclusive Decay Amplitude [B→ Mλℓ
+ℓ−]

AL,R
λ = Nλ

{
(C9 ∓ C10)Fλ(q2) +

2mbMB
q2

[
C7FT

λ(q2)− 16π2MBmb
Hλ(q2)

]}

▶ Local (Form Factors) : F (T)
λ (q2) = ⟨M̄λ(k)| s̄ Γ(T)λ b |B̄(k+ q)⟩

▶ Non-Local : Hλ(q2) = iPλµ
∫
d4x eiq·x ⟨M̄λ(k)|T

{
J µ

em(x), CiOi(0)
}
|B̄(q+ k)⟩
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Hadronic Form Factors

q2-dependence :
F(q2) ∝

∑
k αk z(q2)k

“z-parametrization”
Bourrely, Caprini, Lellouch

“Optimized” observables :
P1,P2,P′5, . . . (a full basis)
Mescia, Matias, Ramon, JV, 1202.4266
Descotes-Genon, Matias, Ramon, JV, 1207.2753
Descotes-Genon, Hurth, Matias, JV, 1303.5794

Finite width effects ! : B→ K∗(→ Kπ)
Accessible via LCSRs

Cheng, Khodjamirian, JV, 1701.01633
Cheng, Khodjamirian, JV, 1709.00173
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Form Factors : q2-dependence from analyticity

F (T)
λ (q2) = ⟨M̄λ(k)| s̄ Γ(T)λ b |B̄(k+ q)⟩ : Analytic structure in q2 :

F̂ (T)
λ (q2) ≡ (q2 −m2

B∗s ) F
(T)
λ (q2) has no pole, only cut.
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Form Factors : q2-dependence from analyticity

▶ Conformal mapping : z(q2) =
√
t+−q2−

√
t+−t0√

t+−q2+
√
t+−t0

▶ ”z-parametrization” : F̂ (T)
λ (q2(z)) is analytic in |z| < 1

F (T)
λ (q2) = 1

(q2 −m2
B∗s )

∑
k

αk z(q2)k

Bourrely, Caprini, Lellouch
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Form Factors : q2-dependence from analyticity

E.g. B→ K form factors f0,+,T from LQCD (|zphys| < 0.15)

Fermilab-MILC 1509.06235
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Non-local form factor

▶ QCD Factorization Beneke, Feldmann, Seidel

Hλ(q2) ∼ ∆Cλ9 (q2)Fλ(q2) +
1
q2∆C

λ
7 (q2)F T

λ(q2) + HSS+O(Λ/mB,Λ/E)

▶ It is assumed that the charm loop is dominated by short distances

▶ Kink at q2 = 4m2
c symptom of breaking of perturbativity
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z-parametrisation for Hλ(q2) Bobeth, Chrzaszcz, van Dyk, JV, 1707.07305

Same strategy as form factors!

▶ Ĥλ(q2(z)) = (q2 −M2
J/ψ)(q2 −M2

ψ(2S))Hλ(q2) is analytic in |z| < 1

▶ Taylor expand Ĥλ(z) around z = 0: Ĥλ(z) =
[∑K

k=0 α
(λ)
k zk

]
Fλ(z)

▶ Expansion needed for |z| < 0.52 ( −7 GeV2 ≤ q2 ≤ 14GeV2 )
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Fit to z-parametrisation Bobeth, Chrzaszcz, van Dyk, JV, 1707.07305
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Fit to z-parametrisation Bobeth, Chrzaszcz, van Dyk, JV, 1707.07305
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P′5 and New Physics Analysis Bobeth, Chrzaszcz, van Dyk, JV, 1707.07305

SM predictions and Fit including B→ K∗µ+µ− data and CNP
9 :

The NP hypothesis with CNP9 ∼ −1 is favored strongly in the global fit
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Prospects: LHC Run-2 unbinned fits to z-parametrization

Chrzaszcz, Mauri, Serra, Coutinho, van Dyk 1805.06378 Mauri, Serra, Coutinho 1805.06401

Unbinned fits to B→ K∗µµ (Left) and B→ K∗ℓℓ (Right)
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‘A posteriori’ test of non-local effect

□ Testing the data : q2-dependence Descotes-Genon, Hofer, Matias, JV 1510.04239

Global Fit
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□ Tiny uncertainites will allow to test hadronic contributions precisely

See also Altmannshofer, Straub 1503.06199, Ciuchini et al 1512.07157, Chobanova et al 1702.02234
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‘A posteriori’ test of non-local effect

□ Testing the data : K∗-helicity dependence
Altmannshofer, Niehoff, Stangl, Straub 1703.09189

□ Tiny uncertainites will allow to test hadronic contributions precisely

See also Altmannshofer, Straub 1503.06199, Ciuchini et al 1512.07157, Chobanova et al 1702.02234 26/26





Extra slides



Experimental constraints on z parametrisation [B→ K∗ℓℓ ]

Bobeth, Chrzaszcz, van Dyk, Virto 2017

Experimental constraints :

▶ The residues of the poles are given by B→ K∗ψn :

Hλ(q2 → M2
ψn) ∼

Mψn f ∗ψnA
ψn
λ

M2
B(q2 −M2

ψn
)
+ · · ·

▶ Angular analyses Belle, Babar, LHCb determine :

|rψn⊥ |, |rψn∥ |, |rψn0 |, arg{rψn⊥ rψn∗0 }, arg{rψn∥ rψn∗0 },

where rψnλ ≡ Res
q2→M2

ψn

Hλ(q2)
Fλ(q2)

∼
Mψn f∗ψnA

ψn
λ

M2
B Fλ(M2

ψn
)

▶ We produce correlated pseudo-observables from a fit (5+5).



Prior Fit to z parametrisation [B→ K∗ℓℓ ]
Bobeth, Chrzaszcz, van Dyk, Virto 2017

(Prior) Fit to Experimental and theoretical pseudo-observables :

k 0 1 2

Re[α(⊥)
k ] −0.06± 0.21 −6.77± 0.27 18.96± 0.59

Re[α(∥)
k ] −0.35± 0.62 −3.13± 0.41 12.20± 1.34

Re[α(0)
k ] 0.05± 1.52 17.26± 1.64 –

Im[α
(⊥)
k ] −0.21± 2.25 1.17± 3.58 −0.08± 2.24

Im[α
(∥)
k ] −0.04± 3.67 −2.14± 2.46 6.03± 2.50

Im[α
(0)
k ] −0.05± 4.99 4.29± 3.14 –

Table 1: Mean values and standard deviations (in units of 10−4) of the
prior PDF for the parameters α(λ)

k .



Light-hadron cut

The non-local ME of O c
1,2 also contains a cut at low q2 from

intermediate “light-hadron” states:

Disc[Hλ(q2 > t+)] ∼
∑

X ⟨0|jem|X1−−
cc ⟩⟨X1−−

cc K∗|(s̄c)(c̄b)|B̄⟩

Disc[Hλ(0 < q2 < t+)] ∼
∑

X ⟨0|jem|X1−−⟩⟨X1−−K∗|(s̄c)(c̄b)|B̄⟩



Light-hadron cut

⋆ Support for ⟨X1−−K∗|(s̄c)(c̄b)|B̄⟩ ≪ ⟨X1−−
cc K∗|(s̄c)(c̄b)|B̄⟩:

▶ OZI rule.

▶ B(B→ K(∗)ω) ≈ 2 - 5 · 10−6 (in agr. with QCDF from [s̄q][q̄b])

⇒ ⟨K∗ω|(s̄c)(c̄b)|B̄⟩ ≲ Cq/Cc︸ ︷︷ ︸
few%

⟨K∗ω|(s̄q)(q̄b)|B̄⟩

▶ Same argument for B(B→ K(∗)ϕ)

▶ In absence of OZI, the natural size of these BRs is 10−3 not 10−6 :

B(B→ KJ/ψ) = 9× 10−4 B(B→ K∗J/ψ) = 1.3× 10−3

B(B→ K[D∗D̄]) = 6× 10−3 B(B→ K[D∗D̄∗]) = 8× 10−3

B(B→ K[DD̄]) = 5× 10−4

▶ Note also the total BR: B(B→ K(∗)[K̄K]) ∼ 10−5 ≪ 10−3

▶ Test: B(B→ K(∗)X1−−(high mass)) ≪ 10−3



Light-hadron cut

Conclusion: OZI→ Two order of magnitude suppression.

▶ But CKM- and penguin-suppressed light-quark loops are there.

▶ Not OZI suppressed.

▶ Must be constrained if precision is sought (but rough estimate
might suffice).

▶ Can do dispersive analysis Khodjamirian, Mannel, Wang 2012 ...

▶ Could use b→ d analogues. (measure, please)
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