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Indirect Searches for New Physics
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Indirect hints for New Physics from flavour sector

 Only few hints of Beyond the Standard Model effects and “flavour anomalies’’ among the best

 Flavour Changing Neutral Current (FCNC) processes are especially interesting 

→ potential to discover New Physics before directly observed in experiments 

Siavash Neshatpour

Flavour anomalies (not all)

~ 3.5𝜎 𝑔 − 2 𝜇 anomaly

~ 3.5𝜎 nonSM-like same-sign dimuon charge asymmetry

~ 3.5𝜎 enhanced 𝐵 → 𝐷(∗)𝜏𝜈 rates

~ 3.2𝜎 suppressed branching ratio of 𝐵𝑠 → 𝜙𝜇+𝜇−

~ 3𝜎 anomaly in one of the angular observables of 𝐵 → 𝐾∗𝜇+𝜇−

~ 3𝜎 tension between inclusive and exclusive determination of |𝑉𝑢𝑏|

~ 3𝜎 tension between inclusive and exclusive determination of |𝑉𝑐𝑏|

~ 2 − 3𝜎 SM prediction for 𝜖′/𝜖 below experimental result

~ 2.6𝜎 lepton flavor non-universality in 𝐵 → 𝐾𝜇+𝜇−/𝐾𝑒+𝑒−

~ 2.5𝜎 lepton flavor non-universality in 𝐵 → 𝐾∗𝜇+𝜇−/𝐾∗𝑒+𝑒−

𝑃5
′

𝐵𝑅(𝐵𝑠 → 𝜙𝜇+𝜇−)

𝑅𝐾∗

𝑅𝐾

W. Altmannshofer; Aspen Winter Conference 2016



FCNC: 𝒃 → 𝒔
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𝑏 → 𝑠 are in particular very interesting as:

 Like other FCNCs only occur in loops (via 𝑊± exchange)

Box diagram:                                                                 Penguin diagram:

 Good control over long-distance strong interactions (𝑚𝑏 much larger than Λ𝑄𝐶𝐷)

⟶ QCD contributions are rather well-known

 The experimental situation is very promising

⟶ Data already available (BaBar, CDF, Belle, LHCb) & more to come (Belle II, LHCb upgrade, …)

Siavash Neshatpour

Loop suppressed in the SM Even small New Physics effects can be comparable to SM contributions



𝒃 → 𝒔ℓℓ transitions
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Short-distance effects: Wilson coefficients 𝐶𝑖 𝜇 (𝜇 = 𝑚𝑏)

o Calculated perturbatively

Long-distance effects: matrix elements of operators 𝑂𝑖

o Require non-perturbative methods

Siavash Neshatpour

chirality flipped operators (𝑂𝑖
′) 

Most relevant for (semi-) leptonic decays

o Contain all the contributions from scales higher than 𝜇

o Introduce the main theoretical uncertainties 

 Effective Hamiltonian for 𝑏 → 𝑠ℓ+ℓ− transitions:



𝑩 → 𝑲∗𝝁+𝝁− decay
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Observed in experiment: 𝐵 → 𝐾∗ → 𝐾+ 𝜋− 𝜇+𝜇−

Angular behaviour of 𝐾+ and 𝜋− additional information on the helicity of  K*

Angular distribution described by four independent kinematic variables 

𝑞2 and three angles 𝜃ℓ, 𝜃𝐾∗, 𝜙

𝑱𝒊: functions of helicity amplitudes 𝑯𝑽 𝝀 , 𝑯𝑨 𝝀 , 𝑯𝑷, in the SM, described by:

finalstate
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• Wilson coefficients: 

𝐶1−6, 8
(′)

, 𝐶7
(′)

, 𝐶9
(′)

, 𝐶10
(′)

, 𝐶𝑃
(′)

• 7 independent form factors:
 𝑉−,  𝑉0,  𝑉+,  𝑇−,  𝑇0,  𝑇+,  𝑆

( 1,0, 1)   



𝑩 → 𝑲∗𝝁+𝝁−observables 
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Differential decay rate:   
𝑑Γ

𝑑𝑞2 =
3

4
𝐽1 − 𝐽2/3

Forward Backward Asymmetry:      𝐴𝐹𝐵 𝑞2 = [ −1

0
−  0

1
] 𝑑 cos𝜃𝑙

𝑑2Γ

𝑑𝑞2 𝑑 cos 𝜃𝑙
/

𝑑Γ

𝑑𝑞2 = −
3

8
𝐽6/

𝑑Γ

𝑑𝑞2

Forward-Backward  Asymmetry  zero-crossing: 𝑞0
2 = 2𝑚𝑏

𝐶7
eff

𝐶9
eff + 𝑂(𝛼𝑠, Λ/𝑚𝑏)

Longitudinal Polarization Fraction: 𝐹𝐿 = −2𝐽2
𝑐/

𝑑Γ

𝑑𝑞2

Many other angular observables…

• minimize form factor uncertainties

• sensitive to specific Wilson coefficients

Optimized obesrvables:

U. Egede et al., JHEP 0811 (2008) 032

U. Egede et al.,JHEP 1010 (2010) 056

J. Matias et al., JHEP 1204 (2012) 104

S. Descotes-Genon et al., JHEP 1305 (2013) 137

𝑆𝑖 = (𝐽𝑖
𝑠,𝑐

+  𝐽𝑖
𝑠,𝑐

)/(
𝑑Γ

𝑑𝑞2 +
𝑑 Γ

𝑑𝑞2) W. Altmannshofer et al., JHEP 0901 (2009) 019Or alternatively : 

http://arxiv.org/abs/0807.2589
http://arxiv.org/abs/1005.0571
http://arxiv.org/abs/1202.4266
http://arxiv.org/abs/1303.5794
http://arxiv.org/abs/0811.1214


Experimental measurements
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Good agreement between SM prediction and measurement for most observables

1304.63251304.6325

1304.6325

2013 LHCb results with 1fb−1 data

EPS 2013

https://indico.cern.ch/event/218030/contributions/450922/attachments/351230/489489/EWP_nserrav4.pdf
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Anomaly among penguins

Siavash Neshatpour



Anomaly in 𝑷𝟓
′
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However, …
1308.1707

Good agreement between SM prediction and measurement for most observables

2013 LHCb results with 1fb−1 data



Anomaly in 𝑷𝟓
′
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However, …

A 3.7𝜎 deviation in the 

[4.30,8.68] GeV2 bin of 𝑃5
′

1308.1707

Good agreement between SM prediction and measurement for most observables

2013 LHCb results with 1fb−1 data



Anomaly in 𝑷𝟓
′
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However, …

A 3.7𝜎 deviation in the 

[4.30,8.68] GeV2 bin of 𝑃5
′

1308.1707

Possible explanations for the tension in 𝑷𝟓
′

• Statistical fluctuations

• New Physics

• Theoretical issues   ⟶ underestimated hadronic contributions

Good agreement between SM prediction and measurement for most observables

2013 LHCb results with 1fb−1 data



Anomaly in 𝑷𝟓
′
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However, …

A 3.7𝜎 deviation in the 

[4.30,8.68] GeV2 bin of 𝑃5
′

1308.1707

Good agreement between SM prediction and measurement for most observables

2013 LHCb results with 1fb−1 data



Effect of modified Wilson coefficients
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If tension in 𝑷𝟓
′ due to NP ⟶ modified Wilson coefficients: 𝑪𝒊 = 𝑪𝒊

𝑺𝑴 + 𝜹𝑪𝒊

Effect of benchmark contributions to Wilson coefficients (25%-35%) on 𝑃5
′ prediction

𝛿𝐶9~ − 1 and to a lesser degree 𝛿𝐶7~ − 0.1 can decrease the tension



Effect of modified Wilson coefficients
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Effect of benchmark contributions to (primed) Wilson coefficients (25%-35%) on other observables

• sensitivity to 𝐶𝑖 not the same for different observables and bins 

• a specific 𝛿𝐶𝑖 while reducing tension for one observable can increase tension in other observables

global analysis required



NP fit results
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Global fit of Wilson coefficients 𝐶7
(′)

, 𝐶9
(′)

, 𝐶10
(′)

considering all relevant 𝑏 → 𝑠 leptonic and semileptonic decays (more than 100 observables)

Best fit when assuming NP in 𝛿𝐶9~ − 1 with PullSM = 3𝜎

Several groups doing global fits (with similar results):
Descotes-Genon et al.: 1307.5683;  Altmannshofer et al.: 1308.1501; Beaujean et al.: 1310.2478; 
Horgan et al.: 1310.3887; Hurth et al.:1312.5267;  Hurth et al.: 1410.4545;  Altmannshofer et al.: 1411.3161;

Descotes-Genon, Matias, Virto, 1307.5683 Altmannshofer, Straub, 1308.1501 Beaujean, et al., 1310.2478

http://arxiv.org/abs/1307.5683
http://arxiv.org/abs/1307.5683
http://arxiv.org/abs/1308.1501
http://arxiv.org/abs/1310.3887
http://arxiv.org/abs/1312.5267
http://arxiv.org/abs/1410.4545
http://arxiv.org/abs/1411.3161
https://arxiv.org/abs/1307.5683
http://arxiv.org/abs/1308.1501
http://arxiv.org/abs/1310.2478


Underestimated hadronic corrections: a closer look at the calculations for 𝑩 → 𝑲∗ℓ+ℓ−

Second Iran & Turkey Joint Conference on LHC Physics, October 23-26, 2017 11Siavash Neshatpour

ℋeff
had contributes to 𝑏 → 𝑠 ℓℓ through virtual 

photon exchange ⇒ affect only the 𝐻𝑉(𝜆)

Helicity amplitudes:

Factorisation of leptonic and hadronic parts

• 𝐾𝜆
∗ 𝑂7 𝐵 ⟶  𝑇𝜆

• 𝐾𝜆
∗ 𝑂9,10 𝐵 ⟶  𝑉𝜆

• 𝐾𝜆
∗ 𝑂𝑆,𝑃 𝐵 ⟶  𝑆

7 independent FFs
( 1,0, 1)   



Underestimated hadronic corrections: a closer look at the calculations for 𝑩 → 𝑲∗ℓ+ℓ−
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Helicity amplitudes:

Factorisation of leptonic and hadronic parts

• 𝐾𝜆
∗ 𝑂7 𝐵 ⟶  𝑇𝜆

• 𝐾𝜆
∗ 𝑂9,10 𝐵 ⟶  𝑉𝜆

• 𝐾𝜆
∗ 𝑂𝑆,𝑃 𝐵 ⟶  𝑆

7 independent FFs
( 1,0, 1)   

In general “naïve” factorization not applicable

Usually guesstimated 

to 10% of LO non-fact



Hadronic effects vs. New Physics
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Hadronic effects can “in principle” mimic 𝐶9
NP since they both contribute to helicity amplitude 𝐻𝑉

A possible parametrisation of the non-factorisable power corrections

Hadronic power correction:

New Physics effect:

 Adding the hadronic parameters (16 more parameters) does not really improve the fits

 Strong indication that the NP interpretation is a valid option, but the situation remains inconclusive

Siavash Neshatpour

M. Ciuchini et al., 1512.07157

S. Jäger and J. Camalich: 1412.3183
(𝜆 = +, −, 0)

Comparing fit for hadronic quantities ℎ+,−,0
(0,1,2)

(18 parameters) and Wilson coefficients 𝐶9
NP (2 parameters)

Fit for all 𝐵 → 𝐾∗𝜇+𝜇− observables

𝛿𝐶9 Hadronic fit

Plain SM 4.1𝜎 2.7𝜎

𝛿𝐶9 -- 0.76𝜎

V. Chobanova, D. Martinez Santos, 
F. Mahmoudi, T. Hurth, SN, 1702.02234 

https://arxiv.org/abs/1512.07157
https://arxiv.org/abs/1412.3183


Anomaly in 𝑩𝑹 𝑩𝒔 → 𝝓 𝝁+ 𝝁−
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2015: another anomaly in 𝐵𝑅 𝐵𝑠 → 𝜙 𝜇+ 𝜇−

 Same theoretical description as 𝐵 → 𝐾∗𝜇+𝜇−

• Replacement of 𝐵 → 𝐾∗ form factors with the 𝐵𝑠 → 𝜙 form factors

• Also consider 𝐵𝑠 −  𝐵𝑠 oscillations

 3.2𝜎 tension in the [1-6] GeV
2

bin

 Branching ratio is dependent on all form factors ⟹ Large theoretical uncertainty

JHEP 1509 (2015) 179



Anomaly in 𝑩𝑹 𝑩𝒔 → 𝝓 𝝁+ 𝝁−
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2015: another anomaly in 𝐵𝑅 𝐵𝑠 → 𝜙 𝜇+ 𝜇−

 Same theoretical description as 𝐵 → 𝐾∗𝜇+𝜇−

• Replacement of 𝐵 → 𝐾∗ form factors with the 𝐵𝑠 → 𝜙 form factors

• Also consider 𝐵𝑠 −  𝐵𝑠 oscillations

 3.2𝜎 tension in the [1-6] GeV
2

bin

 Branching ratio is dependent on all form factors ⟹ Large theoretical uncertainty

𝛿𝐶9~ − 1 can reduce the tension

in agreement with the 𝑃5
′ explanation



Anomaly in 𝑹𝑲
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2014: another anomaly from LHCb in 𝑅𝐾 =
𝐵𝑅(𝐵+→𝐾+𝜇+𝜇−)

𝐵𝑅(𝐵+→𝐾+𝑒+𝑒−)

 Theoretical description similar to 𝐵 → 𝐾∗𝜇+𝜇−, but different since K-meson is scalar 

 hadronic uncertainties cancel out   ⟹ theoretically very clean    

lepton non-universality (𝐶𝑖
𝜇

≠ 𝐶𝑖
𝑒)

𝑅𝐾
exp

in [1-6] GeV2 =0.745 ± 0.097

2.6𝜎 tension with SM prediction

𝑅𝐾
SM in [1-6] GeV2 =1.0006 ± 0.0004

If confirmed this would be a groundbreaking discovery

and a very spectacular fall of the SM

BaBar, PRD 86 (2012) 032012; 
Belle, PRL 103 (2009) 171801; 
LHCb, PRL 113 (2014) 151601



Anomaly in 𝑹𝑲∗
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2017: another anomaly from LHCb in 𝑅𝐾∗ =
𝐵𝑅(𝐵→𝐾∗𝜇+𝜇−)

𝐵𝑅(𝐵→𝐾∗𝑒+𝑒−)

 hadronic uncertainties cancel out   ⟹ theoretically (very) clean    

 Two 𝑞2 regions: [0.045-1.1] and [1.1-6.0] GeV
2

𝑅𝐾∗
SM,bin 1

=0.906 ± 0.020QED ± 0.020FF

𝑅𝐾∗
SM,bin 2

=1.000 ± 0.010QED

𝑅𝐾∗
exp,bin 1

=0.660−0.070
+0.110 (stat) ±0.024 (syst)

𝑅𝐾∗
exp,bin 2

=0.685−0.069
+0.113 (stat) ±0.047 (syst)

lepton non-universality (𝐶𝑖
𝜇

≠ 𝐶𝑖
𝑒)

2.3𝜎 and 2.5𝜎 tension 

for bin 1 and bin2 with 

SM prediction

Bordone, Isidori, Pattori, arXiv:1605.07633

JHEP 08 (2017) 055



Consistency of NP fit for different anomalies
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Global analysis

Fit for 𝛿𝐶9
𝑁𝑃~ − 1 ⟹ 4 − 5𝜎 deviations from the SM

Siavash Neshatpour

ONLY IF guesstimates of power corrections correct

See also fits by:  
Geng, Grinstein, Jager, Camalich, Ren, Shi, 1704.05446;
Altmannshofer, Stangl, Straub, 1704.05435; 
D. Martinez Santos, F. Mahmoudi, T. Hurth, SN, 
1705.06274 
…

Capdevila, Crivellin, Descotes-Genon, Matias, Virto, 1704.05340



Comparison of NP fit results: clean vs not so clean
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Best fit values considering 

all observables besides 𝑅𝐾 and 𝑅𝐾∗

 NP in 𝐶9 and 𝐶9
𝜇

favoured with SM pulls of   4.1 and 

4.4𝜎

 𝐶10-like solutions do not play a role

Siavash Neshatpour

Best fit values considering 

only 𝑅𝐾 and 𝑅𝐾∗ ratios

 NP in 𝐶9
𝑒 , 𝐶9

𝜇
, 𝐶10

𝑒 or 𝐶10
𝜇

, favoured by the 𝑅𝐾(∗) ratios 

(significance: 3.6-4.0𝜎)

 Primed operators have very small SM pull

D. Martinez Santos, F. Mahmoudi, 
T. Hurth, SN, 1705.06274 

Considering only the clean observables 𝑅𝐾 and 𝑅𝐾∗ it is not 

possible to differentiate between best NP fits 𝐶9
𝑒/𝜇

or 𝐶10
𝑒/𝜇



Are tensions due to hadronic effects or NP (which NP scenario)?
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How to resolve the issue:

1. Unknown power corrections

• Crucial for significance of the anomalies

• Not calculable in QCD factorisation

• Alternative approaches exist based on light-cone sum rules and more recently using the analyticity 

approach

2. Crosscheck with inclusive modes

• Inclusive decays are theoretically better known than the exclusive decays

• Experimental results to come from Belle-II can clarify the source of the tension

Siavash Neshatpour

Khodjamirian et al. JHEP 1009 (2010) 089
Dimou, Lyon, Zwicky PRD 87, 074008 (2012), PRD 88, 094004 (2013)
Bobeth et al. arXiv:1707.07305 

(e.g. T. Huber, T. Hurth, E. Lunghi, JHEP 1506 (2015) 176)

T. Hurth, F. Mahmoudi, JHEP 1404 (2014) 097
T. Hurth, F. Mahmoudi, SN, JHEP 1412 (2014) 053



Are tensions due to hadronic effects or NP (which NP scenario)?
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3. Crosscheck with other 𝑅𝜇/𝑒 ratios within future LHCb results

• Hadronic uncertainties cancel out ⟹ theoretically clean

• Considering the 𝑅𝐾(∗) tensions are reconfirmed with 12 fb−1 data, the best fit NP scenarios could be differentiated

• In the SM all these observables are predicted to be 1

• These tensions, if observed cannot be explained by hadronic uncertainties

⟹ would indirectly confirm the NP interpretation of the anomalies in the angular observables! 

Siavash Neshatpour

D. Martinez Santos, F. Mahmoudi, 
T. Hurth, SN, 1705.06274 



New Physics: possible scenarios
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Observed pattern (𝛿𝐶9~-1 & 𝛿𝐶7~0, 𝛿𝐶10~0)

Very hard to accommodate in many NP model (MSSM, extra dimension, …)

Prime candidates:

Models with 𝑍 ′ gauge boson:

• non-universal flavour coupling to leptons

• flavour-changing couplings to LH quarks

lepto-quark models:

• scalar particles carrying colour & EW

charge  

other models …

Altmannshofer et al. ’13/’14; Haisch et al. ’13; 
Buras et al. ’13/’14; Crivellin et al. ’14/’15; 
Falkowski et al ’15; …

Hiller et al. ’14; Biswas et al. ’14; 
Nardechia et al. ’14; Becirevic et al. ’15; 
Grinstein et al. ’15; …

Should respect constrains from other decays (in these models constraints from 𝐵𝑠 −  𝐵𝑠 mixing can be accomodated)



Conclusions
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Conclusions:

 Rare 𝑏 → 𝑠 transitions are powerful probes of New Physics

 Global analysis of 𝑏 → 𝑠 data favours a 25% reduction in 𝐶9 with respect to the SM

 Significance of the anomalies depends on the assumptions on the hadronic 

uncertainties

 At the moment, from a statistical point of view, the New Physics explanation 

describes the anomalies better than underestimated hadronic

 The recent measurement of 𝑅𝐾∗ supports the NP hypothesis, but the experimental 

errors are still large and the update of 𝑅𝐾 and other ratios is eagerly awaited!

 If the tensions remain, even in the pessimistic case that there will be no theoretical 

progress in non-factorisable power corrections, Belle II and/or LHCb upgrade can 

resolve it
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Backup



Are tensions due to hadronic effects or NP (which NP scenario)?
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Crosschecking with the inclusive mode 𝐵 → 𝑋𝑠 𝜇+𝜇−

o Using the best fit point of 𝐶7, 𝐶9, 𝐶10 we predict the branching ratio at low- and 

high-𝑞2 at 1,2 and 3𝜎 ranges also for 𝐴𝐹𝐵

o The black cross corresponds to the future Belle-II measurement assuming the best fit scenario

o Expected uncertainty of 2.9% (4.1%) for the branching fraction in the low- (high-)𝑞2 region,

absolute uncertainty of 0.050 in the low-𝑞2 bin 1 (1 < q2 < 3.5 GeV2), 0.054 in the low-𝑞2 bin 2

(3.5 < q2 < 6 GeV2) for the normalised 𝐴𝐹𝐵

Belle-II projection assuming 

best fit scenario

SM prediction

NP effect of 𝐶9 is large enough to be checked by the theoretically cleaner inclusive modes at Belle-II 

Hurth, Mahmoudi, S.N.  1410.4545Hurth, Mahmoudi, S.N.  1410.4545

http://arxiv.org/abs/1410.4545
http://arxiv.org/abs/1410.4545


Are tensions due to hadronic effects or NP (which NP scenario)?
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LHCb prospects

• Global fits using only 𝑅𝐾 and 𝑅𝐾∗

• Considering several luminosities, assuming the current central values

• Global fits using the angular observables only (excluding the clean ratios)

• Considering several luminosities, assuming the current central values

Siavash Neshatpour

D. Martinez Santos, F. Mahmoudi, T. Hurth, SN, 1705.06274 



Hadronic effects vs. New Physics
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Non-factorisable contributions appear in:

A possible parametrisation of the non-factorisable power corrections

It seems: ℎ𝜆
(0)

⟶ 𝐶7
NP, ℎ𝜆

(1)
⟶ 𝐶9

NP and ℎ𝜆
(2)

term cannot be mimicked by 𝐶7,9

However, 𝜆 = +, −, 0

and  𝑉𝜆 and  𝑇𝜆 both have a 𝑞2 dependence

Siavash Neshatpour

Leading Order QCDf

of non-factorisable piece
+ ℎλ(𝑞

2)

M. Ciuchini et al., 1512.07157

S. Jäger and J. Camalich: 1412.3183(𝜆 = +, −, 0)

M. Ciuchini et al., 1512.07157

https://arxiv.org/abs/1512.07157
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Hadronic effects vs. New Physics
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Non-factorisable contributions appear in:

A possible parametrisation of the non-factorisable power corrections

It seems: ℎ𝜆
(0)

⟶ 𝐶7
NP, ℎ𝜆

(1)
⟶ 𝐶9

NP and ℎ𝜆
(2)

term cannot be mimicked by 𝐶7,9

However, 𝜆 = +, −, 0

and  𝑉𝜆 and  𝑇𝜆 both have a 𝑞2 dependence

 Mild 𝑞4-terms can rise due to form factor terms

 𝐶7
𝑁𝑃 and 𝐶9

𝑁𝑃 can cause effects similar to ℎ𝜆
(0,1,2)
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M. Ciuchini et al., 1512.07157

S. Jäger and J. Camalich: 1412.3183

Leading Order QCDf

of non-factorisable piece
+ ℎλ(𝑞

2)

(𝜆 = +, −, 0)

M. Ciuchini et al., 1512.07157

https://arxiv.org/abs/1512.07157
https://arxiv.org/abs/1412.3183
https://arxiv.org/abs/1512.07157


Wilks’ test
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Fit to NP and power corrections using only 𝐵 → 𝐾∗𝜇+𝜇− observables at low-𝑞2 to keep the embedding

Comparison of the hadronic fit with the NP fit through likelihood ratio tests  

p-values can be obtained (via Wilks’ theorem)

⟹ p-value indicates the significance of the new parameters added

 Adding the hadronic parameters (16 more parameters) does not really improve the fits

 Strong indication that the NP interpretation is a valid option, even if the situation remains inconclusive

up to 8 𝐆𝐞𝐕𝟐 observables

𝛿𝐶9 𝛿𝐶7, 𝛿𝐶9 Hadronic fit

Plain SM 3.7 × 10−5 (4.1𝜎) 6.3 × 10−5 (4.0𝜎) 6.1 × 10−3 (2.7𝜎)

𝛿𝐶9 -- 0.13 (1.5𝜎) 0.45 (0.76𝜎)

𝛿𝐶7 & 𝛿𝐶9 -- -- 0.61 (0.52𝜎)

up to 6 𝐆𝐞𝐕𝟐 observables

𝛿𝐶9 𝛿𝐶7, 𝛿𝐶9 Hadronic fit

Plain SM 4.5 × 10−3 (2.8𝜎) 9.4 × 10−3 (2.6𝜎) 6.2 × 10−2 (1.9𝜎)

𝛿𝐶9 -- 0.27 (1.1𝜎) 0.37 (0.89𝜎)

𝛿𝐶7 & 𝛿𝐶9 -- -- 0.41 (0.86𝜎)



Hadronic corrections as shift to 𝑪𝟗
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The effect of the power corrections could also be 

described through a 𝑞2-dependent shift in 𝐶9 via
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Hadronic corrections as shift to 𝑪𝟗 assuming 𝒉+
(𝟎)

to be constrained
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The effect of the power corrections could also be 

described through a 𝑞2-dependent shift in 𝐶9 via
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(|ℎ+
0

/ℎ−
(0)| < 0.2)



Fit parameters of power corrections and shapes of the different corrections
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Size of different contributions to the helicity amplitudes 
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Size of different contributions to the helicity amplitudes 
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Assuming ℎ+
(0)

to be constrained
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(|ℎ+
0

/ℎ−
(0)| < 0.2)



Angular coefficients
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