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RD ( ! ) = B(B !D ( ! ) ⌧⌫⌧ )
B(B !D ( ! ) l⌫l )

(l = e, µ)

R(D) R(D*) Correlation

SM Predictions 0.300 ± 0.008 0.252 ± 0.005 -

Experimental Average  0.407 ± 0.039 ± 0.024 0.304 ± 0.013 ± 0.007 -0.23

RD ( ! ) = B(B !D ( ! ) ⌧⌫⌧ )
B(B !D ( ! ) l⌫l )

(l = e, µ)

• Sensitive to Lepton Flavor Universality (LFU). 


• Ratio is mostly independent of form factors.


• Flavor Changing Charged Current (FCCC) - Not suppressed in SM.


• Measured at BaBar, Belle and LHCb.


• ~ 4!  deviation from the Standard Model Prediction
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on including RD/RD* correlations.
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Possible New Physics

• Dim-6 Four Fermion operators:


• Using Operator analysis, NP 
can be parametrized by this:


SM NP Scale Wilson Operator
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• In order to satisfy the anomaly, fairly large value of Wilson coefficients is 
required.


• For Example: 
 ➨NP should contribute at Tree LevelCVL
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Freytsis, Ligeti, and Ruderman, 2015
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Flavor Structure of NP

!6

• Only want contribution to RD ( ! ) = B(B !D ( ! ) ⌧⌫⌧ )
B(B !D ( ! ) l⌫l )

(l = e, µ)
RD ( ! ) = B(B !D ( ! ) ⌧⌫⌧ )

B(B !D ( ! ) l⌫l )
(l = e, µ), not RD ( ! ) = B(B !D ( ! ) ⌧⌫⌧ )

B(B !D ( ! ) l⌫l )
(l = e, µ)

Lepton Sector

• Assume that the leptoquarks only couple to third generation of leptons.

Quark Sector

• To avoid constraints from other flavor data (e.g. FCNC) we assume that 
NP is aligned with SM Yukawa matrices i.e. 


• This means leptoquarks are charged under the SM accidental global 
symmetry of SU(3)Q x SU(3)u x SU(3)d (Flavor Group).


• SM Yukawas act as spurions with these Flavor Group charges:

Yu ~ (3, 3, 1), Yd ~ (3,1, 3)

Minimal Flavor Violation (MFV).

• Simplest possible scalar leptoquarks charges are: S1/3 ~
(3, 1, 1)

(1, 3, 1)

(1, 1, 3){

• i.e. leptoquarks are negatively charged under U(1)$ or $-aligned.

Freytsis, Ligeti, and Ruderman, 2015
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Scalar Leptoquark S 1

!7

• With $-alignment, (in broken phase and down mass basis) 

• For S1 with flavor charge (1, 1, 3)
• Taking S1 as an example. But similar results hold for S3.

L ! ! Y  
d S1( tc PL " " bc PL #! ) + ÷! S1(tc PR " )

L ! S1(! Y  
d Qc i "2 L + ÷! Y  

d Yu uc e)

{

Left-handed

Right-handed

L ! S(i )
1 (! ydi V

!
ji uc

j PL " " ! ydi dc
i PL #! ) + S1(÷! ydi yu i V

!
ji uc

j PR " )

Among the three, only this charge structure 
can produce b->c$# at leading order.

L ! S(i )
1 (! ydi V

!
ji uc

j PL " " ! ydi dc
i PL #! ) + S(i )

1 (÷! ydi yu i V
!

ji uc
j PR " )
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Scalar Leptoquark S 1

!7

• With $-alignment, (in broken phase and down mass basis) 

• For S1 with flavor charge (1, 1, 3)
• Taking S1 as an example. But similar results hold for S3.

L ! ! Y  
d S1( tc PL " " bc PL #! ) + ÷! S1(tc PR " )

L ! S1(! Y  
d Qc i "2 L + ÷! Y  

d Yu uc e)

{

Left-handed

Right-handed

• Relation to Wilson Coefficient,
C!!

SR

! 2 =
V "

cb

m2
S1

(|! | yb)2

L ! S(i )
1 (! ydi V

!
ji uc

j PL " " ! ydi dc
i PL #! ) + S1(÷! ydi yu i V

!
ji uc

j PR " )

• With i = 3, and j = 2, we get the 
contribution to R(D) anomaly.

Among the three, only this charge structure 
can produce b->c$# at leading order.

L ! S(i )
1 (! ydi V

!
ji uc

j PL " " ! ydi dc
i PL #! ) + S(i )

1 (÷! ydi yu i V
!

ji uc
j PR " )
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Electroweak Observables

L ! ! L
1 S1( tc PL " " bc PL #! ) + ! R

1 S1(tc PR " )

where,

• For i, j = 3, this Lagrangian gives significant contributions to EW observables.

• Rewriting Lagrangian, 

! L
1 = ! yb V !

tb

! R
1 = ÷! yb yt V !

tb

! L
1 = ! yb V !

tb

! R
1 = ÷! yb yt V !

tb
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L ! ! L
1 S1( tc PL " " bc PL #! ) + ! R

1 S1(tc PR " )

where,

• For i, j = 3, this Lagrangian gives significant contributions to EW observables.

• Rewriting Lagrangian, 

! L
1 = ! yb V !

tb

! R
1 = ÷! yb yt V !

tb

! L
1 = ! yb V !

tb

! R
1 = ÷! yb yt V !

tb

• Modifies Z decay rates and asymmetry parameters related to 
Z ! ! !̄ , Z ! bb̄ and Z ! " ⌧ "̄ ⌧

Z ! ! !̄ , Z ! bb̄ and Z ! " ⌧ "̄ ⌧

tc

tc

Z

!

!

Z ! ! !̄ , Z ! bb̄ and Z ! " ⌧ "̄ ⌧

Z

⌫⌧

⌫!

bc

bc

Z ! ! !̄ , Z ! bb̄ and Z ! " ⌧ "̄ ⌧

Z
⌫c⌧

b

b
⌫c⌧

!8 /12
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Electroweak Observables
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Electroweak Observables
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Electroweak Constraints
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Anomaly Parameter Space
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Final Remarks
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Saurabh Bansal

• RD/RD* measurements are at ~4!  standard deviation from SM.


• The large anomaly hints at NP near TeV scale.


In this talk, I: 

• Examined all scalar leptoquarks that provide possible solution for the anomaly.


• Imposed MFV in the quark couplings of the leptoquarks to avoid large FCNCs.


Results: 

• In order to explain the anomaly, MFV leads to relatively large S1tc$ coupling.


" Scalar leptoquarks, with MFV, can satisfy the RD/RD* anomaly but LEP/SLC 

electroweak data rules out  this scenario at 95%.

Thank You!


