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Global Fit

• Sensitivity would be improved by combining measurements.  Global fit

– Derive allowed/excluded parameter space

– Check compatibility of models

• There are several public codes to calculate observables.

– “SusyFlavour”, “SuperIso”, “SusyFit”, and “GammaCombo” are 
introduced at last B2TiP meeting (Nov.2014).

 Global analysis for Belle II using public code.
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Experimental results 
(+QCD cal.)

SM

CKM fitter
UT fit

Winter 2014

http://ckmfitter.in2p3.fr/
http://www.utfit.org/UTfit/


Calculation codes

In my study, public code “SuperIso” is used.

SuperIso

• Dedicated to the flavor physics observable calculation

– Observables

• bsγ, bsll, Bτν, BDτν, Bs/dμμ, Dslν, Kμν/πμν, muon g-2 …

• B D*τν is not implemented in SuperIso.

– Calculation code for B (B  D*τν)  in Type-II 2HDM are made, 
communicating with Y. Sakaki, R. Watanabe, and M. Tanaka.

– It is combined with SuperIso.

– Models

• SM

• 2HDM (type-I, II, lepton specific, flipped)

• MSSM (CMSSM, NUHM, AMSB, HCAMSB, MMAMSB, GMSB)

• NMSSM (CNMSSM, NGMSB, NNUHM)

• …
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[PRD87, 034028 (2013)].



Statistical method

• Chi-squared approach.

– Correlation between observables is not considered.

– For the estimation of theoretical error, relative accuracy at SM 
prediction is assumed.

• 𝜒2 is translated to confidence level (C.L.), and allowed/excluded region is 
estimated.

* In this talk, I will show “combined constraint plots” which are made based on 
the above conditions (NOT official plots).
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1-C.L.

C.L. = TMath::Prob(chisq,ndf);



• Type-II 2HDM

Observables sensitive to charged Higgs
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Observables used in global analysis

𝑩 → 𝑫(∗)𝝉𝝂

𝑩 → 𝝉𝝂

𝒃 → 𝒔𝜸

6

Theoretical prediction

• Inclusive tag, 535MBB, PRL 99, 191807 (2007)

• Inclusive tag, 657MBB, PRD 82, 072005 (2010)

• Hadronic tag, 657MBB, arXiv:0910.4301

Naïve Belle average (A. Bozek’s average @KEK-FF0213)

@PRD87,032028,2013

𝑅 𝐷∗ = 0.252 ± 0.004
𝑅 𝐷 = 0.305 ± 0.012

𝑅 𝐷∗ = 0.405 ± 0.047
𝑅 𝐷 = 0.430 ± 0.091

Experimental results

@CKM fitter winter 2014 • Semileptonic tag, 772MBB, CKM2014, arXiv:1409.5269

• Hadronic        tag, 772MBB, PRL 110, 131801 (2013)

Naïve Belle average (my hand calculation)

B B → τν = (75.3−5
+10) × 10−6 B 𝐵 → 𝜏𝜈 = (0.91 ± 0.23) × 10−4

@PRD 98, 022002 (2007)

HFAG average 2013

B 𝐵 → 𝑠γ = (3.15 ± 0.23) × 10−4 B 𝐵 → 𝑠𝛾 = (3.43 ± 0.22) × 10−4

New Belle result for B  τν with semilept. tag is included.

B D(*)τν with full Belle data is still ongoing.



• e.g. B  τν

Derivation of constraint plots
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χ2 distribution

1- C.L. distribution

1-C.L.

C.L. = TMath::Prob(chisq,ndf);

Constraint plots
Excl. at

6σ
5σ
4σ
3σ
2σ 



Constraint on type-II 2HDM
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B  τν B  Dτν B  D*τν

• Only Belle results described in previous page. 

B  Xsγ

• HFAG2013 value is used.

Excl. at
6σ
5σ
4σ
3σ
2σ 

Different value of tanβ/mH+ is favored.

Exclude mH+ < 310 GeV with 95% 
C.L. for any value of tanβ.



Combined constraint on type-II 2HDM
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Constraints from four observables.

B  τν B  Dτν B  D*τν

• Only Belle results described in previous page. 

Exclude with  98.7% C.L. for any value of tanβ/mH+.

B  Xsγ

• HFAG2013 value is used.

Excl. at
6σ
5σ
4σ
3σ
2σ 



• More combination with other experimental results.

Constraint from four exp. results
• B → τν, Dτν, D*τν by Belle
• BXs γ (HFAG2013)

Combined constraint on type-II 2HDM
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Constraint from
eight exp. results

• More stringent constraint on 
large tanβ/mH+ region.

• Exclude with  99.98% C.L. for 
any value of tanβ/mH+.

B  τν
(BABAR)

PRD 81, 051101(R) (2010)
PRD 88, 031102(R) (2013)

B  Dτν
(BABAR)

PRL 109, 101802 (2012)

B  D*τν
(BABAR)

PRL 109, 101802 (2012)

Bs  μμ
(LHCb+CMS)

HFAG2013
Th.   : JHEP 08, 092 (2012)

Excl. at
6σ
5σ
4σ
3σ
2σ 



Global fit on type-II 2HDM

• Global fit also can be possible using 8 experimental results.

– Optimal points can be found, although type-II 2HDM is disfavored

(χ2/ndf =26.1/8 ).
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Constraint from BXs γ

Constraint from others
1σ

2σ



• Constraint from four observables at Belle II.

– All experimental inputs are assumed to be SM values.

– Experimental uncertainties are estimated based on Belle II TDR.

– Improvement of theory side is not included except for B  τν.

Prospect of constraint on type-II 2HDM@ Belle II
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Exp. Th.
Now 5 ab-1 50 ab-1 Now

B → τν 25% 10% 3% -7+14%
B  Dτν 30% 11% 4% 4%
B  D*τν 19% 7% 2% 2%
B  Xsγ 7% 5% 4% 7%

Will be improved by precise Vub measurements.
My naive estimation assuming σfB ~1% :
~5% @Belle II era 

My naive estimation

B  τν B  D*τνB  Dτν

now

50 ab-1 50 ab-1

now now

50 ab-1

Excl. at
6σ
5σ
4σ
3σ
2σ 

B  Xsγ

50 ab-1

now



• Constraint from four observables at Belle II.

– All experimental inputs are assumed to be SM values.

– Experimental uncertainties are estimated based on Belle II TDR.

– Improvement of theory side is not included except for B  τν.

Prospect of constraint on type-II 2HDM@ Belle II
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Now 5 ab-1
50 ab-1

Excl. at
6σ
5σ
4σ
3σ
2σ 

Exp. Th.
Now 5 ab-1 50 ab-1 Now

B → τν 25% 10% 3% -7+14%
B  Dτν 30% 11% 4% 4%
B  D*τν 19% 7% 2% 2%
B  Xsγ 7% 5% 4% 7%

Will improved by precise Vub measurements.
My naive estimation assuming σfB ~1% :
~5% @Belle II era 

My naive estimation



Constraint on CMSSM

• B  D*τν is not implemented in SuperIso.

• Isospin asymmetry in B  K*γ is added.
– [Th.] 0.026 ± 0.008 @PRD72, 014013 (2015), [Exp.] 0.052 ±0.026 @HFAG2013

• There are five parameters (m0,m1/2,tanβ, A0, sgn(μ)) in CMSSM.
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tanβ = 30, A0 = -2m0, sgn(μ)>0

B  τν by Belle

B  τν by BaBar

B  Dτν by Belle B  Xsγ

B  Dτν by BaBar B  K*γ
isospin asym.

Excl. at
5σ
4σ
3σ
2σ
1σ 

PRL 109, 101802 (2012)PRD 81, 051101(R) (2010)
PRD 88, 031102(R) (2013)

HFAG 2013

HFAG 2013CKM2014, arXiv:1409.5269
PRL 110, 131801 (2013)

PRL 99, 191807 (2007)

PRD 82, 072005 (2010)

arXiv:0910.4301



Combined constraint on CMSSM
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Constraint from Bs  μμ by LHCb/CMS

Constraint from six experimental
results by Belle/BaBar

• tanβ = 30, A0 = -2m0, sgn(μ)>0

• B → τν, Dτν by Belle
• B → τν, Dτν by BaBar
• BXsγ, K*γ (HFAG2013)

Comparison with LHCb/CMS HFAG2013

Excl. at
5σ
4σ
3σ
2σ
1σ 

Exclude m1/2 < ~1 TeV and m0 < ~4 TeV with 2σ level.

The situation highly depends on the value of tanβ.
If tanβ is large, Bs  μμ gives stronger constraints. 



tanβ dependence on CMSSM
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Constraint from six experimental results by Belle/BaBar
• B → τν, Dτν by Belle/BaBar and BXsγ, K*γ (HFAG2013)

tanβ = 10 tanβ = 30 tanβ = 50

tanβ = 10 tanβ = 30 tanβ = 50

Constraint from Bs  μμ by LHCb/CMS

Excl. at
5σ
4σ
3σ
2σ
1σ 



• Constraint from four observables at Belle II.
– All experimental inputs are assumed to be SM values.

– Experimental uncertainties are estimated based on Belle II TDR.

– Improvement of theory side is not included except for Bτν.

Prospect of constraint on CMSSM@ Belle II
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Exp. Th.

Now 5ab-1 50ab-1 Now

B → τν 25% 10% 3% -7+14%

B  Dτν 30% 11% 4% 4%

B  Xsγ 7% 5% 4% 7%

B  K*γ ±0.026 ±0.010 ±0.005 ±0.008

Excl. at
5σ
4σ
3σ
2σ
1σ 

Constraint region can be expanded in CMSSM using Belle II data. 
We need benchmark theoretical model which has a rich flavor structure,
because Belle II is more sensitive to the flavor structure in NP.

50ab-1

tanβ = 30
A0 = -2m0, sgn(μ)>0

Now

Now 50ab-1

tanβ = 50
A0 = -2m0, sgn(μ)>0



Summary

• Global fit analysis for Belle II are performed using

– existing public code “SuperIso”

– code for BD*τν in type-II 2HDM

• which is made, communicating with Y. Sakaki, R. Watanabe, and M. Tanaka [PRD87, 
034028 (2013)].

• Observables : B  τν, B  Dτν, B  D*τν, B  Xsγ, Δ0-(BK*γ)

• Models : Type-II 2HDM, CMSSM
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Benchmark theoretical model

Theoretical calculation codes

Fitter code

Need benchmark theoretical model which has a rich flavor structure,
because Belle II is sensitive to the flavor structure in NP.

Not covered all observables, which are important for Belle II.
We can also combine multiple calculation tools.

Simplest method (chi-square) is used so far.
The treatment of error should be cared.



Backup
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SuperIso framework
20

Interfaced to several spectrum calculators

Common definition of
theoretical input parameters
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Experimental values : R(D(*))

Belle average

• Naïve average for inclusive and exclusive hadronic tags (A. Bozek’s average @KEK-FF0213)

– 𝑅 𝐷∗ = 0.405 ± 0.047

– 𝑅 𝐷 = 0.430 ± 0.091

• Inclusive tag, 535MBB (69%), PRL 99, 191807 (2007)

• Inclusive tag, 657MBB (85%), PRD 82, 072005 (2010)

• Hadronic tag, 657MBB (85%), arXiv:0910.4301

BaBar results 

– 𝑅 𝐷∗ = 0.332 ± 0.024 ± 0.018

– 𝑅 𝐷 = 0.440 ± 0.058 ± 0.042

• Hadronic tag, 471MBB (100%), PRL 109, 101802 (2012)
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R(D*)

R(D)

Bozek’s slide @KEK-FF2013



Purely leptonic B decay “B τν”

Branching fraction in SM

– 𝑓𝐵 : decay constant calculate on the Lattice

– 𝑉ub : CKM matrix element

Branching fraction in NP

 Constraint on “𝐭𝐚𝐧𝜷 /𝒎𝑯+”
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B 𝐵 → 𝜏𝜈 SM =
𝐺𝐹
2𝜏𝐵

8𝜋
𝒇𝑩
𝟐 𝑽𝐮𝐛

𝟐𝑚𝐵
3 1 −

𝑚𝜏
2

𝑚𝐵
2

2
𝑚𝜏

𝑚𝐵

2

B 𝐵 → τν = 𝑟𝐻 ∙ B 𝐵 → τ𝜈 SM

𝑟𝐻 = 1 − 𝑚𝐵
2 tan2β

𝑚
𝐻+
2

2

𝑟𝐻 = 1 −
𝑚𝐵

2

1 +  𝜖0 tan𝛽

tan2β

𝑚𝐻+
2

2

 𝑏

𝑢 τ+

ν𝑯+/𝑊+

𝑟 𝐻
tan β /𝑚𝐻+

Type –II 2HDM
@ PRD 48, 2342 (1993)

Destructive interference 
between W and H+.

SUSY
@ J. Phys. G29, 2311 (2003)



Semi-tauonic B decay “B D(*)τν”

• Different vertex contribution

– 𝐵 → τν : 𝐻 − 𝑏 − 𝑢

– 𝐵 → 𝐷(∗)𝜏𝜈 : 𝐻 − 𝑏 − 𝑐

• 𝑅 𝐷 ∗ =
𝐵𝐹 𝐵→𝐷 ∗ 𝝉𝜈

𝐵𝐹 𝐵→𝐷 ∗ 𝑙𝜈
(𝑙 = 𝑒, 𝜇)

– Suppress theoretical(form factor, Vcb) and experimental (efficiency) 
uncertainties.
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𝑩
 𝑏

𝜏+

𝜈

 𝑐
𝑫

(∗)

𝑞 𝑞

𝑊+/𝑯+

R(D) R(D*)
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Prospect of Br(Bsμμ) on type-II 2DHM

• PRD 87, 035026

• Same period with Belle II

– 5 ab-1 @2018

– 50 ab-1 @2023

• 5% ultimate syst. and combination

with CMS  are assumed.
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With 5% ultimate syst.
With 1% ultimate syst.

Combined with CMS

Now

5 ab-1 @Belle II 

50 ab-1 @Belle II 

Excl. at
6σ
5σ
4σ
3σ
2σ 



Prospect of Br(Bsμμ) on CMSSM
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Experimental values : Br(B→τν)

Belle average

• Naïve private average for semileptonic and hadronic tags

• 𝐁𝐫 𝐁 → 𝝉𝝂 = (𝟎. 𝟗𝟏 ± 𝟎. 𝟐𝟑) × 𝟏𝟎−𝟒

– (1.25 ± 0.28 ± 0.27) × 10−4 : semileptonic tag, 772MBB (100%), CKM2014

– (0.72−0.25
+0.27 ± 0.11) × 10−4 :     hadronic    tag, 772MBB (100%), PRL 110, 131801 (2013)

BaBar average

• 𝐁𝐫 𝐁 → 𝝉𝝂 = (𝟏. 𝟕𝟗 ± 𝟎. 𝟒𝟖) × 𝟏𝟎−𝟒

– (1.7 ± 0.8 ± 0.2) × 10−4 : semileptonic tag, 468MBB (100%), PRD 81, 051101(R) (2010)

– (1.83−0.49
+0.53 ± 0.24) × 10−4 :     hadronic    tag, 468MBB (100%), PRD 88, 031102(R) (2013)
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Martin’s slide @ CKM2014 



B → Xsγ
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B → Xsγ
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Slide by Misiak @FPCP2013



Constraints on Type-II 2HDM
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B  τν by Belle B  Dτν by Belle B  D*τν by Belle

B  τν by BaBar B  Dτν by BaBar B  D*τν by BaBar

Excl. at
6σ
5σ
4σ
3σ
2σ 

Bs  μμ by LHCb+CMS B  Xsγ (HFAG2013)



Type-II 2HDM
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Charged Higgs constraint from ATLAS
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