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There are B anomalies in b ->c τ ν and b ->s μ μ transiPons.

O(700) > papers for R(D(*)) 

Good playground



Is there any model that explain 
D* polarizaPon in 𝐵 → 𝐷∗𝜏𝜈 and R(D(*)) anomalies
at the same Pme?

Our quesPon.

R D ∗ = *+ *→,(∗)/0
*+ *→,(∗)10 , 𝑙 = 𝜇, e

3.8σ 3.1σ discrepancy↓

1907.02257

SM

𝐹7,
∗ =

Γ(𝐵 → 𝐷7∗𝜏𝜈)
Γ(𝐵 → 𝐷∗𝜏𝜈)

𝐹7 9:,∗ = 0.453
𝐹7,

∗ = 0.60 ± 0.09 Belle: 1903.03102 
1.7σ

New
Semileptonic B tagging
@Moriond2019



New result from the theoretical calculation
by Marzia Bordone et al.  @EPS

They calculated the higher order correcPon. 1907.XXXXX
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𝐻DEE =
4𝐺G
2
𝑉JK 1 + 𝐶OP 𝑂OP + 𝐶OR𝑂OR + 𝐶9P𝑂9P + 𝐶9R𝑂9R + 𝐶S𝑂S

𝑂9P = ( ̅𝑐𝑃+𝑏)( ̅𝜏𝑃7𝜈/)
𝑂9R = ( ̅𝑐𝑃7𝑏)( ̅𝜏𝑃7𝜈/)

𝑂OP = ̅𝑐𝛾Y𝑃7𝑏 ̅𝜏𝛾Y𝑃7𝜈/
𝑂OR = ( ̅𝑐𝛾Y𝑃+𝑏)( ̅𝜏𝛾Y𝑃7𝜈/)
𝑂S = ( ̅𝑐𝜎Y0𝑃7𝑏)( ̅𝜏𝜎Y0𝑃7𝜈/)

Effective Lagrangian for b ->c τ ν

Assumption: ν τL

Scalar

Vector

Tensor

Operator basis

Sterile ν scenarios are also considered.  
X. G. He, et al. 1711.09525
Syuhei Iguro, Y. Omura 1802.01732 
A. Greljo , et al. 1804.04642  

̅𝑐𝜎Y0𝑃+𝑏 ̅𝜏𝜎Y0𝑃7𝜈/ = 0



𝐻DEE =
4𝐺G
2
𝑉JK 1 + 𝐶OP 𝑂OP + 𝐶OR𝑂OR + 𝐶9P𝑂9P + 𝐶9R𝑂9R + 𝐶S𝑂S

𝑂9P = ( ̅𝑐𝑃+𝑏)( ̅𝜏𝑃7𝜈/)
𝑂9R = ( ̅𝑐𝑃7𝑏)( ̅𝜏𝑃7𝜈/)

𝑂OP = ̅𝑐𝛾Y𝑃7𝑏 ̅𝜏𝛾Y𝑃7𝜈/
𝑂OR = ( ̅𝑐𝛾Y𝑃+𝑏)( ̅𝜏𝛾Y𝑃7𝜈/)
𝑂S = ( ̅𝑐𝜎Y0𝑃7𝑏)( ̅𝜏𝜎Y0𝑃7𝜈/)

EffecPve Lagrangian for b ->c τ ν

Scalar

Vector

Tensor

Operator basis

H\

W^

LQ



Calculation of RD   Y.Sakaki et al.1309.0301

Generic formula Input form factors

Too complicated



We used Form Factors(FFs) of 1703.05330 to get the generic formula

We evaluate observables with μ=mb

𝑂(Λ`a,/𝑚K,J) and 𝑂(α9)
M. Tanaka and R. Watanabe 1212.1878. 

Vector Scalar Tensor

large scalar effect is need to enhance RD*



BR(Bf\ → τhν)=

BR(Bf\ → τhν)jk× 1 + 𝐶OP − 𝐶OR +
mof
R

mp mq +mf
(𝐶9P − 𝐶9R)

R

< 30% R.Alonso et al. 1611.06676

< 10% A.G.Akeroyd.et al. 1708.04072

Previous constraint

Current constraint
< 60% M.Blanke.et al. 1811.09603

BR(Bf\ → τhν)jk = 2% ~4.2
Scalar operator drastically enhances
BR(Bf\ → τhν) 

Vector and scalar operators for R D ∗ automatically 
contributes to 𝐵J\ → 𝜏�̅�

Constraint 1



KAIST-KAIX Future ParPcle Accelerators

𝐶+^9 ∝
𝑌P𝑌R
𝑚wx
R

The upper limit on 𝐵J\ → 𝜏�̅� from a future lepton 
collider can test the scenario!

Slide by Daniela on the first day 

Good news for the (far) future.

LEP data ×10y

FCC-ee also



Severe constraint for the charged Higgs 𝑚zx > 400GeV

seems difficult to enhance RD* for 𝑚zx > 400GeV

pp->W’->τν search

Heavier than
400GeV

Constraint 2

BR(Bc->τν)

Scale dependent
bound



𝐶| = |𝐶||𝑒���

One operator analysis.

Absolute value
Phase



One operator analysis.

★★
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30 %

10 %

1

1.5

0π
π/2

60 %

CS1(µb) = ei|CS1 | �S1

𝐶9� can not enhance RD RD*😢
e.g. Type-II 2HDM 1303.0571 .

１σ of world average

𝐹7,
∗

𝑂9P operator

BR(Bf\ → τhν)

Yellow region is predicted

𝐹7 9:,∗ = 0.453,
𝐹7,

∗ = 0.60 ± 0.09
After Moriond2019



One operator analysis.

★★
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R D
*
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0.52

0.48

0.44
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1

1.5

0π

π

π/2

60%

�S2CS2(µb) = |CS2 |ei 𝐶9� can enhance RD RD*
e.g. generic 2HDM.

Enhances 𝐹7,
∗

and BR(Bf\ → τhν).
Collider search is interesPng.

G2HDM can accommodate δaμ and RD
1802.01732  Syuhei Iguro, Y.Omura

μμhτhτ search is powerful!
1907.09845  Syuhei Iguro, Y.Omura,

M.Takeuchi

𝑂9R operator

After Moriond2019



One operator analysis.

SM

( -2.03,π) 2�

1�

★★
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RD

R
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*

FD⇤

L = FD⇤

L, SM ⇠ 0.45

(0.03,0) or 

(0.07,0) or 
( -2.07,π)

(0.11,0) or 
( -2.11,π)

CV1(µb) = |CV1 |ei�V1

𝐹7,
∗

does not change😅

The required |𝐶O�| is much
smaller than |𝐶9�|.  
Hard to search in LHC with 
O(100)v-1.

𝑂OP operator

Awer Moriond2019



One operator analysis.

★★

0.25 0.30 0.35 0.40 0.45
0.22
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RD

R D
*

SM

0.6

0.4

0.46

0.45 0.44

π/2

0

π

�V2ei|CV2 |CV2(µb) =

𝐹7,
∗

almost does not change😅

Not easy to search in LHC with 
O(100) fb-1.
1b+τν resonance search is 
more sensitive!
A.Soni, et al. 1704.06659
Syuhei Iguro, K. Tobe 1708.08176
M. Abdullah, et al.  1805.01869 

𝑂OR operator

Awer Moriond2019



★★
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0.32
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RD

R
D
*

0.45

0.35

0.25

0.15

0.3
0.2SM

π

0
0

π/2

|CT | �TCT (µb) = ei

One operator analysis.

Enhances RD,RD* 
suppresses 𝐹7,

∗
😩.

𝑂S operator

Awer Moriond2019



Summary of one operator analysis

𝑂OR

𝑂9P
𝑂9R

𝑂S

𝑂OP

RD RD* F��
∗ comment

○
○
○
○
○

△
×

→
↓

→

→
→

○
○
○

It seems not easy to enhance 𝐹7,
∗

𝐵𝑅(𝐵J\ → 𝜏�̅�) is enhanced

H\ and W^ are covered so far. 
Next we consider the LQ scenarios

Scalar operator easily
enhances 𝐵𝑅(𝐵J\ → 𝜏�̅�) and 
testable in LHC. 

Where beyond one operator analysis is needed

Vector operator can not 
enhance 𝐹7,

∗
.

Tensor operator suppresses 𝐹7,
∗.
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1811.07920 A.Greljo, J.M.Camalich and J.D.Ruiz-A ĺvarez
1905.08253 M. Blanke, et al.

ATLAS 1902.08103 CMS 1811.00806

jjττ(ccνν) search:36v-1 directly sets the lower bound on LQ mass 〜1TeV

High PT mono-τ search also constrains the LQ scenario as

LHC bound for LQs

|𝐶OP| < 0.32, |𝐶9P,9R | < 0.57, |𝐶S | < 0.16



3 types of LQs are known to explain RD, RD* anomalies 

R2 : (3, 2, 7/6) scalar
𝐶9� 𝜇7` = 4𝐶S 𝜇7`

S1 : (h3, 1, 1/3) scalar
𝐶9� 𝜇7` = −4𝐶S 𝜇7` , 𝐶O� 𝜇7`

U1: (3, 1, 2/3) vector
𝐶9� 𝜇7` , 𝐶O� 𝜇7`

1-loop EW, 3-loop QCD, 1-loop QED RG running is considered. 
Changing LQ scale into 𝜇7` = 3 TeV does not our following results more than 1%

(SU(3), SU(2)L,U(1)Y)

1808.08179 A. Angelescu, et al.

R(K) is also possible

S3 with (h3, 3, 1 ) is needed for R(K) 
I. Dorsner,et al. 1701.08322 

X. Q. Li, et al. 1605.09308……. 

UV completion is needed 

PaP Salam

Massive vector LQ appear

J.Heeck, D.Teresi 1808.07492
B.Grinstein 1812.01603

Y. Sakaki, et al. 1309.0301……..
S1 – S3 combination is considered
A. Crivellin, et al. 1703.09226 

We set 𝜇7` = 1.5 TeV : LHC bound

R2, S1 and U1



R2 : (3, 2, 7/6) scalar  𝐶9� 𝜇7` = 4𝐶S 𝜇7`

★★
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(for µLQ = 1.5TeV)

CS2(µLQ) = 4CT (µLQ)

LHC 36fb
�1

�S2|CS2 |CS2(µb) = eiR2 :

The enhancement by 𝐶9� is cancelled by the suppression by 𝐶S

𝐹7,
∗

does not change a lot!

|𝐶9P,9R| < 0.57 or |𝐶OP| < 0.32 or |𝐶S| < 0.16
conservaPve bound from LHC

After Moriond2019



S1 : (h3, 1, 1/3) scalar 𝐶9� 𝜇7` = −4𝐶S 𝜇7` , 𝐶O� 𝜇7`

𝐶O� does not change polarizaPon observables.

★★
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0
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60 %

LHC 36fb
�1

CS2(µLQ) = �4CT (µLQ)
CV1(µLQ) = 0

�S2|CS2 | (for µLQ = 1.5TeV)CS2(µb) = eiS1 :

𝐹7,
∗

does not change a lot!

Awer Moriond2019



★★

●●

0.25 0.30 0.35 0.40 0.45
0.22

0.24

0.26

0.28

0.30

0.32

0.34

RD

R D
*

30 %

10 %

SM

0.5
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CS2(µLQ) = �4CT (µLQ)
CV1(µLQ) = 0.07

(for µLQ = 1.5TeV)|CS2 |ei�S2S1 :

LHC 36fb
�1

𝐶O� does not change polarization observables.

S1 : (h3, 1, 1/3) scalar 𝐶9� 𝜇7` = −4𝐶S 𝜇7` , 𝐶O� 𝜇7`

SM

( -2.03,π) 2�

1�

★★
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CV1(µb) = |CV1 |ei�V1

𝐹7,
∗

does not change a lot!

After Moriond2019



U1: (3, 1, 2/3) vector 𝐶9� 𝜇7` , 𝐶O� 𝜇7`

★★

●●

0.25 0.30 0.35 0.40 0.45
0.22

0.24

0.26

0.28

0.30

0.32
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0.44
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0.5 0π
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LHC 36fb
�1

60 %

CV1(µLQ) = 0.07

CS1(µb) = eiU1 : (for µLQ = 1.5TeV)|CS1 | �S1

𝐹7,
∗

does not change a lot!

Awer Moriond2019



The amplified  𝐹7,
∗, compared with the SM predicPon 𝐹7 9:,∗ is severely 

constrained from LHC and 𝐵𝑟(𝐵J → 𝜏𝜈) in R2, S1 and U1 leptoquarks 
with the parameter set which explains R(𝐷(∗)) within 1σ of the world 
average.

Summary for LQs after Moriond2019

Then, is there any good quanPty to disPnguish LQ model?

Awer Moriond2019



Summary for LQs after Moriond2019

𝑃p, is a good quantity to distinguish LQ models.
Statistical error is dominant in polarization observables.
Let’s wait Belle II for the new data! 

𝑃p, =
Γ λp =

1
2 − Γ λp = −12

Γ λp =
1
2 + Γ λp = −12

Awer Moriond2019
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・Tau polarizaTon in 𝑩 → 𝑫(∗)𝝉𝝂 process.

Other related observables.

𝑃p,���, =×××, 𝑃p, *D11D,∗ = −0.38±0.51(stat.)+0.21(syst.)   1709.00129

𝑃p,9:, = −0.32, 𝑃p,9:,∗ = −0.51

・𝑹 𝑱/𝝍 = 𝑩𝑹 𝑩𝒄→𝑱/𝝍𝝉𝝂
𝑩𝑹 𝑩𝒄→𝑱/𝝍𝝁𝝂

BaBar 1303.0571・q2 distribution in 𝑩 → 𝑫(∗)𝝉𝝂 Belle 1507.03233

R. Watanabe 1709.08644

M. Tanaka. R. Watanabe 1005.4306 

𝑹 𝑱/𝝍 LHCb = 0.71±0.17±0.18 
𝑹 𝑱/𝝍 SM = 0.283 ± 0.048 

Currently not so accurate. 



The generic formula for 𝑃p,
∗

and 𝑃p,



R2 : (3, 2, 7/6) scalar  𝐶9� 𝜇7` = 4𝐶S 𝜇7`

★★
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0.4 0.5

0.55

-0.55CS2(µLQ) = 4CT (µLQ)

R2

𝑃p,
∗, 𝑃p, enhances 𝑃p,

∗ and 𝑃p,

Awer Moriond2019



S1 : (h3, 1, 1/3) scalar 𝐶9� 𝜇7` = −4𝐶S 𝜇7` , 𝐶O� 𝜇7`

★★
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S1

CS2(µLQ) = �4CT (µLQ)
CV1(µLQ) = 0

enhances and suppresses 𝑃p,
∗ and suppresses 𝑃p,

𝑃p,
∗, 𝑃p,

Awer Moriond2019



U1: (3, 1, 2/3) vector 𝐶9� 𝜇7` , 𝐶O� 𝜇7`
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0.1 0.2 0.3 0.4
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CV1(µLQ) = 0.07

enhances and suppresses 𝑃p,
∗ and suppresses 𝑃p,

𝑃p,
∗, 𝑃p,

Awer Moriond2019



Theoretical point

𝐵 → 𝐷𝜏𝜈 is mediated by the W boson. 

Dominant uncertainty from the hadronic matrix 
element is cancelled.
Vcb dependence is also canceled in the raPo.
-> theorePcally clean!

Nice place to look for new physics and deviaPon there.

Non-trivial set up for the flavor structure is necessary.

𝑅,∗1 ≡
*� *→,∗D0
*� *→,∗Y0

= 1.04 ± 0.05 Belle 1702.01521

Some hints for a new flavor structure?

R D ∗ = *+ *→,(∗)/0
*+ *→,(∗)10



Calcula+on of RD   Y.Sakaki et al.1309.0301

Generic formula Input form factors

Too complicated



Indirect upper bounds on  
BR(𝐵J\ → 𝜏�̅�) 

BR(𝐵J\ → 𝜏�̅�) =1-Br(Bc the other decay) < 30% R.Alonso et al. 1611.06676

PPP 2019 47

SubsPtuPng a SM calculaPon

Combining LEP data with inputs obtained in LHCb 
< 10% A.G.Akeroyd.et al. 1708.04072

LEP has an upper limit on Bf → 𝜏�̅�＋ B → 𝜏�̅�. Combining recent result of LHCb, they got an 
upper limit on BR(𝐵J\ → 𝜏�̅�). 

comment: they used BR(Bc→J/ψlν)SM  as an input.



Indirect upper bounds on  
BR(𝐵J\ → 𝜏�̅�) 

BR(𝐵J\ → 𝜏�̅�) =1-Br(Bc the other decay) < 30% R.Alonso et al. 1611.06676

PPP 2019 48

Substituting a SM calculation

Combining LEP data with inputs obtained in LHCb 
< 10% A.G.Akeroyd.et al. 1708.04072

LEP has an upper limit on Bf → 𝜏�̅�＋ B → 𝜏�̅�. Combining recent result of LHCb, they got an 
upper limit on BR(𝐵J\ → 𝜏�̅�). 

comment: they used BR(Bc→J/ψlν)SM  as an input.

Charm mass uncertainty

Scale dependence for 
the fragmentation



KAIST-KAIX Future Particle Accelerators

Result

heavier lighter

Better sensitivity for heavy 𝜏𝜈 resonances: experimentally 𝜏𝜈
resonance search for W’ is more sensitive to a heavier 
resonance because of the low background from W→ 𝜏𝜈.

60%

Heavier 𝑯\, more severe constraint.  



2018 summer
WR

2018 summer
WL

400GeV
1TeV



HFLAG 2019 spring

2.5σ
1.4σ

Current status of RD,RD* anomalies

Semileptonic B taggingNew



Slide by Kodai Matsuoka(KMI)

B2Tips



Let me introduce myself in 2 min
• Name: Syuhei Iguro (井⿊ 就平 )

• Position: D1 student

• Birth place: Japan, Tokyo

• Interests: Flavor, Collider, Dark Matter, Neutrino…..

• Ambition: 10 papers by 24/7/2020  (5 from my idea).

• I love football, 
most aggressive student in theoretical group (E-lab)

• For more info: http://www.eken.phys.nagoya-u.ac.jp/~iguro/IGURO.html

PPP 2018 53

去年、やった⾃⼰紹介

残り3本(0本) 

おかげさまで順調！
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Is there any model that explain 
D* polarizaPon in 𝐵 → 𝐷∗𝜏𝜈 and R(D(*)) anomalies
at the same Pme?

Our question.

h�ps://tokyo2020.org

R D ∗ = *+ *→,(∗)/0
*+ *→,(∗)10 , 𝑙 = 𝜇, e

3.8σ 3.1σ discrepancy↓

1907.02257

There are B anomalies.

SM

𝐹7,
∗ =

Γ(𝐵 → 𝐷7∗𝜏𝜈)
Γ(𝐵 → 𝐷∗𝜏𝜈)

𝐹7 9:,∗ = 0.453
𝐹7,

∗ = 0.60 ± 0.09 Belle: 1903.03102 
1.7σ

New
Semileptonic B tagging


