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Timeline of “global” b - s Z¢ fits

vvy VYy

year  arXiv: group authors method
2010 1006.5013 EOS CB/Hiller/van Dyk Ax?
2011 1104.3342 DGMR Descotes-Genon/Ghosh/Matias/Ramon AxP
1105.0376 EOS CB/Hiller/van Dyk AP
1111.1257 AS Altmannshofer/Paradisi/Straub AxP
1111.2558 EOS CB/Hiller/van Dyk/Wacker Ax?
2012 1205.1838 EOS Beaujean/CB/van Dyk/Wacker bayesian
1206.0273 AS Altmannshofer/Straub AP
1207.0688  SuperlSO  Hurth/Mahmoudi Ax?
1207.2753 DMRV Descotes-Genon/Matias/Ramon/Virto AP

11l also before 2010 existing data of b — s£¢ was used to constrain non-standard effects
“global” = combination of several b — s + (v, ££) modes + observables

1st fit with available data B — K*#¢ from Belle (2009) and CDF (2010)

public software tools

EOS (bayesian) http: //project.het.physik.tu- dortmund.de/eos/
SuperISO http://superiso.in2p3.fr
HEPfit (bayesian) https://github.com/silvest/SusyFit

private codes AS, DGMR, ...
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Timeline of “global” b - s Z¢ fits

year  arXiv: group authors method
2013  1307.5683 DMV Descotes-Genon/Matias/Virto N
1308.1501 AS Altmannshofer/Straub AxP
1310.2478 EOS Beaujean/CB/van Dyk bayesian
1310.3887 HLMW Horgan/Liu/Meinel/Wingate AXZ
1312.5267  SuperlSO  Hurth/Mahmoudi Ax2
2014  1408.4097 GNR Ghosh/Nardecchia/Renner bayesian
1410.4545 SuperlSO  Hurth/Mahmoudi/Neshatpour Ax?
1411.3161 AS Altmannshofer/Straub AP
2015 1503.06199 AS Altmannshofer/Straub AP
1508.01526 EOS Beaujean/CB/Jahn bayesian
1510.04239 DHMV Descotes-Genon/Hofer/Matias/Virto AxP
2013 new results on angular observables in B — K* iy from LHCb 1/fb [LHCb 1307.1707]
= the “B - K* i anomaly” shows up [DMV 1307.5683]
2014 new result for Rx = Br(B - Knp)/Br(B — Kee) from LHCb 3/fb [LHCb 1406.6482]

= breaking of Lepton flavour universality (LFU) in BY — K*2¢ 2?7

Riliacy = (0.757303)  #  Rklsu=1 by260c

2015 new results on angular obs’s LHCb 3/fb @ Moriond, still preliminary [LHCb-CONF-015-002]
= the “B — K* i anomaly” persists !!! [AS 1503.06199, DHMV 1510.04239]
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What is fitted?

Effective couplings (Wilson coefficients) of |AB| = |A S| = 1 effective theory

Legs = C707 + C7Opr + Z Z C,EO,Z + Z Cx Ok

i=semi—lept. {=€,p1,T k=hadronic

I In standard model: C,.SM(mb) known up to NNLL

O;,) electro-magnetic dipole: o< mp[So ., Py b] F*
= strongest constraint on C; 7/ from Br(B — Xsy)

semi-leptonic operators: o [5 g, b][£T 4, £]

> Fep®Tg = vuPypr®~*(vs) left- and right-handed curr. Cé(m) and Cg,(m,
> Fep®F =  Pgu®1(ys)  (pseudo-) scalar curr. Cé(P) and CS,(P,
> M@y = ouw ® o (v5) (pseudo-) tensor curr. C‘}(TS)

hadronic operators: 1) current-current, 2) QCD & QED-penguins, 3) chromo-magnetic dipole
= in fits assumed: NO new physics here

Mostly “fit the new physics” in: Cf 9,10 and C7, o 10 for€=p,e (nodatafore=r)
BUT data can also fully constrain C% +CH [Beaujean/CB/Jahn 1508.01526]

s,s’,P,P',T, T5 7,7,9,9/,10,10’
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What else can be fitted?

“Nuisance parameters” (=v-pmr) — with or without CN* (my,)

“Long-distance” v-pmr's — depending on observable
» quark masses: my and me
» form factor pmr’s for B — K, K*, ... transitions [Beaujean/CB/van Dyk 1310.2478]

» pmr-isations of contributions that are < only incomplete estimates available

» subleading in 1/m, [Beaujean/CB/van Dyk 1310.2478]
» from tails of resonant contributions from cc [... next talk Mauro Valli]
» duality violation at high g? [Altmannshofer/Straub 1411.3161]

» pmr’s of B- and light-meson distribution amplitudes

or “Short-distance” v-pmr’s in the SM

» CKM elements: Vi, ...

» top quark mass in MS scheme [Guidice/Paradisi/Strumia 1508.05332]
sensitivity driven by few observables: AMy s, Bs — fips, anticipating progress for lattice predictions
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What’s the difference in fits of various groups?

\ “Global fits” are a “serious” business \

= check the small print and make sure you understand the differences,
before comparing final plots !!!
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What'’s the difference in fits of various groups?

“Global fits” are a “serious” business \

= check the small print and make sure you understand the differences,
before comparing final plots !!!

New Physics scenarios = sets of non-zero Wilson coefficients
» most popular Cg, Cyg, ... right-handed, scalar, tensor
» aligned with SM-CKM phases = “real-valued” (~ MFV scenario) or complex-valued

Data = set of measurements included
» decay modes: B — (K, K*)&, Bs - ¢fiu, b — sv, Bs — fip, . . .
» observables: BR’s, angular “non-optimized” vs “optimized”, CP-asymmetries, . ..
> @° regions: large and/or low recoil and g?-binning
» leptonflavor:only £=poré=e+pu
» experiments: only LHCb measurements vs also Babar, Belle, CDF, CMS, ATLAS
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“Global fits” are a “serious” business

= check the small print and make sure you understand the differences,
before comparing final plots !!!

Inclusion of theory uncertainties = a set of v-pmr’s
» choice of v-pmr’s which
» statistical treatment determines implementation of
= which ranges, with/without correlations, distribution (bayesian only)

Statistics = statistical procedure = interpretation of result
» Ax?: best fit point & improvement of Ax? w.r.t. to some reference point
» frequentist: confidence levels, hypothesis testing
» bayesian: probability regions for parameters, Bayes factors = model comparison

Numerical method — in high-dim pmr spaces = need reliable algorithms
» find extrema (best fit point, etc.)
» sampling and integration = posterior probability, Bayes factors, ...
» contour lines/regions of certain confidence level/probability
» marginalization onto 1-dim and 2-dim sub-spaces
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Statistical approaches
pmr’s of interest: 8 nuisance pmr’s: &

likelihood: £ (8, &)

posterior <— probabilities —

prio rofiling the likelihood

[ dv P(D{M,d,1) P(6,7| M)

P(6|M, D) = - _ _
@] ) [ didd P(D|M,8,5) P(6,5| M)

L£(6)=max L(d, D)
14

= probability/credibility regions ¢ = confidence regions
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pmr’s of interest: 8 nuisance pmr’s: &

likelihood: £ (8, &)

posterior <— probabilities —

prio rofiling the likelihood

[ dv P(D{M,d,1) P(6,7| M)

PO, ) = 4 46 P(D M.5,7) P(3,5| M) £(8) = max L6, 7)

= probability/credibility regions # = confidence regions

Most recent fits use: = approximation to avoid numerical efforts of Frequentist/Bayesian approaches
[Altmannshofer/Straub 1411.3161, Descotes-Genon/Hofer/Matias/Virto 1510.04239]

= assuming gaussian experimental and theoretical errors

—2InL(0) = x2(0) * [Ouxp = Ou(B)] - [Coxp + Cul71(6 = Gss)] - [Ouxp ~ On(6)]

“theory” covariance matrix Cy,[7](6 = sy ) found by

> fixd= ésm to SM values or some other “reference point”
» generate samples of (); from some “prior” distr. (< bayesian), including correlations
» calculate observables with this sample

> extract a “theory covariance” of observables at sy = neglect non-gauss. from o-pmr’s
> use it in fits, assuming it is valid for 6 = fgy
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First fits for £ =e + 7’ [Ghosh/Nardecchia/Renner 1408.4097 + later by other groups]

Motivation: explain measurement of (R |iucy = 0.75319) # (Rklsw = 1) by 2.60
Data used: » Br(Bs — 7¢) + only low-g?: Rk, Br(B — Kfiu), Br(B — Xst)
» adding Br(B — K*fu)
New physics in: 059',10,10' and 05,9',10,101
Statistical method: » Bayesian inference = priors flat Cf € [-10, 10]

» theory uncertainties = marginalisation over o-pmr’s
» model comparison via Bayes factors
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First fits for £ =e + 7’ [Ghosh/Nardecchia/Renner 1408.4097 + later by other groups]

Motivation:

Data used:

New physics in:

Statistical method:

Results:

model comparison shows:

C/* over C?

preference of NP’s in th o

explain measurement of (R |iucy = 0.75319) # (Rklsw = 1) by 2.60
» Br(Bs — 2¢) + only low-g?: Ry, Br(B — Kjiu), Br(B — Xstt)
» adding Br(B — K*fu)

" e
Co.9,10,100 A Cg g 10,10/

» Bayesian inference = priors flat Cf € [-10, 10]
» theory uncertainties = marginalisation over o-pmr’s
» model comparison via Bayes factors

and

Rk |Lucw can be reconciled -8
with “anomaly” in B — K*ﬁuJ

without B - K* i including B - K* fipt

C. Bobeth
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Latest fits: angular obs’s vs BR’S — depends on scenario

[Altmannshofer/Straub 1411.3161 & 1503.06199] [Descotes-Genon/Hofer/Matias/Virto 1510.04239]
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Influence of D-pm I'S — How stable are fits under choice of ranges for v-pmr’s ??7?

[Altmannshofer/Straub 1411.3161 & 1503.06199] [Descotes-Genon/Hofer/Matias/Virto 1510.04239]
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short-dashed = 2 x power corrections
long-dashed =2 x form factor uncertainties
Both groups
» use similar parameterisation of form factors and power corrections
» account also for duality violation @ high g°
> check influence of choice 6* # Asy in theory covariance Ci [7](6%)
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each group different, but all based on Ax? between SM point and best-fit point

[Altmannshofer/Straub 1411.3161 & 1503.06199] [Descotes-Genon/Hofer/Matias/Virto 1510.04239]
scenario  xZ,-x2;  pull scenario Pullgy  p-value (%)
Co 13.7 37 Co 45 62
Co 3.9 2.0 Cio 25 25
Co = —Cio 9.8 3.1 Co = -Cio 44 55
Co = ~Cy 48 72

pull = \/xGy — X8 Co=-Co 10,100 3.9 50

at SM point: p-value = 16%

= scenarios with single Wilson coefficient:
should involve C3¥, BUT “only C}” also viable

= scenarios with more Wilson coefficients:
need to involve Cg“’ + 0, but do not give significant improvements
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Fits of scalar and tensorial couplings Cs s/ p.p/. 7,75  [Beavjean/CBiahn 1508.01526]

= using latest data LHCb 3/fb angular distr. of B - Kju: Fy and Ags
in comb. with Bs — iy and B(B - K* [fip)

1.0
Fro<[...(ICrP +[CrsP) I
+...(|Cs+03/‘2+|CP+CPI|2)]/r 05 [
Nice about this measurement 5;5’
0.0
» Fy(B — Kjiy) removes degeneration in €
— Q
(Cs(p) - CSI(PI)) from BI’(BS — /'L;U') =4

by constraining (Cg(p) + Csr(pry) —0.5 1

» Fy(B - Kpu) constrains |Cr 75| L
—1.0 . -
-1.0 -0.5 0.0 0.5 1.0
Re(%s-‘r(fsr)

» updated stronger constraints on complex-valued Cs s p pr 7,75
» fits also in combination with Cg o/ 19,10/ = data can constrain magnitude of all C,é (£ =p)

» posterior predictives of angular obs’s Jgc, (Jic + Jag) and (Jis — 3dag) in B> K* iy
= yet unmeasured + can provide additional constraints
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» be aware: each group = different details = different fit (in principle)

however all groups find best fit point: CyP =-0.25-CM

even when including preliminary LHCb 3/fb from Moriond

more general scenarios with additional C; # 0 not significantly more efficient

> single, but with correlation: C\¥ = —-C}¥

> two: (Cg, C1o), (Cg, Cyr), (Cy, Cior),

(Co = =Cyr, C1g = —Cygr), (Cg = =Cyr, C1g = +Cyqr)
“model comparison”/“hypothesis testing” always based on Ax?
SM hypothesis has a “pull of 40” from £ = p [Descotes-Genon/Hofer/Matias/Virto 1510.04239]
and “pull of 50" from £ = e + p (for c>" = 0)

anomalies in Rx and B — K* iu can be nicely reconciled = C; — Cf withl=e, u
NP needed in C!* and optional in CF (i =9, ...)
effect of choice of “size” for hadronic nuisance parameters has been studied

» power corrections @ low-g?

» duality violation @ high-g?
do not change this result qualitatively

see other talks for implications for model-building
= NP in Z-penguin (MSSM, . ..) seems disfavoured because requires CJ" « C}¥
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