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What Is R p/Rp Anomaly?

e Sensitive to Lepton Flavor Universality (LFU).
e Ratio is mostly independent of form factors.
* Flavor Changing Charged Current (FCCC) - Not suppressed in SM.
* Measured at BaBar, Belle and LHCb.

e ~ 4l deviation from the Standard Model Prediction
on including Rp/Rp- correlations.

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

HFAG, 2017
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Possible New Physics

e Using Operator analysis, NP 4G R

(1,01) ~(1,11)
can be parametrized by this: = \/_ Vep Ovy + A2 Z C; 70,
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Possible New Physics

e Using Operator analysis, NP B 4GF ) ,,).
can be parametrized by this: = VC” Ov |+ @Z C;
SMJ NP Scale’ Wllson Operator

e Dim-6 Four Fermion operators: Ov, | (ey.Prb) (7y" PLv)

OT (EO'MVPL[) (7_'0'/“/PLV)
Freytsis, Ligeti, and Ruderman, 2015
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Possible New Physics

Using Operator analysis, NP
can be parametrized by this:

Dim-6 Four Fermion operators:

1 —

4G'F (1, //)
—_ Vcb OV—J @Z C .

SMJ NP Sc0127 Wllson Operator

Ov,, | (evuPrb) (77" Prv)
Ovy| (EvuPrb) (74" Pry)
OSR (EPRb) (7_'PLV)
OSL (EPLb) (T'PLV)
Or | (¢co"”Prb) (Tou Pry)

Freytsis, Ligeti, and Ruderman, 2015

In order to satisfy the anomaly, fairly large value of Wilson coefficients is

required.

For Example: Cw _  0.42

| 2 TeV

» NP should contribute at Tree Level
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Structure of New Physics

* |Low Scale NP =» UV completions.
* The UV models can be broadly divided into 4 categories.
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Structure of New Physics

* Low Scale NP » UV completions.
* The UV models can be broadly divided into 4 categories.

e Possible mediator for HDOs:

Scalar
Leptoquark

: (ﬂ P b)(bPL #)
: (ﬂ Pr b)(bPL #)

c(be)
Leptoquark

%

: (bPL b)(ﬂPL #)
: (BPL ) (BFPL")

S, (BPRCO)(BPL")

W!

Vector
Leptoquark
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Structure of New Physics

* | ow Scale NP » UV completions.
* The UV models can be broadly divided into 4 categories.

e Possible mediator for HDOs:

b(ce c(be
) _Leptoquark (59
Scalar ! Yo Vector
Leptoquark Leptoquark |
Os, : (8P b)(gP.#) Oy, L (B yPLD)(! FPL#)
Of : (BP.C)(FPL") Oy, 1 (& nPrD)(g! "PL#)
O : (BPrCY)(FP.") Oy, : (B PrC) (B! HPL#)
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Structure of New Physics

b(ce) c(be) :
..Leptoquark s
Scalar %
Leptoquark
Og, : (8P b)(eP #) }
O3, : (BPLC°)(BPL") ,
OgR : (bPR CC)(g:PL ") ',;
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Structure of New Physics

Leptoquark 5 51 (3, l, 1/3)

s: (3, 1, 1/3)
S3 (§I 31 1/3)

. b(c?) o)
, . Lepoguark ¥ Rz (3, 2, 7/6)
5 Scalar ) S

O, : (6P b)(eP #) ~
OgL ) (bPL CC)(g:PL ") ——
OgR : (bPR CC)(g:PL " ) ~—

4/12



Elect on R p/Rp Anomaly

Calculated using Operator Product Scal S1,Ss  Os, 1 (BPRC)(EPL")
Expansion (OPE) of Heavy Quark canar S Og, : (BPLc)(BPL")
Cfoct Leptoquark ot
ective Theory (HQET) R Og, : (BP_b)(eP.#)
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Elect on R p/Rp Anomaly

Calculated using Operator Product Scalar S1,Ss  Os, 1 (BPRC)(BPL")
Expansion (OPE) of Heavy Quark Leptoquark S Og, : (BP.c)(&FPL")
Effective Theory (HQET) R:  Og, : (bP_b)(aP.#)
Hp——————— T :
* f.-» SM
(%f
X!
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Electon R

p/Rp~ Anomaly

Calculated using Operator Product Scalar S1, S3
Expansion (OPE) of Heavy Quark Leptoquark S1
Effective Theory (HQET) Ro
(NG T - — T :
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Calculated using Operator Product
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Elect on R p/Rp Anomaly

. (BPRC)(BPL")
 (BPLcH(EPL")
: (bPL b)(ﬂPL #)
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Calculated using Operator Product

Expansion (OPE) of Heavy Quark
Effective Theory (HQET)
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Elect on R p/Rp Anomaly

Calculated using Operator Product
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Flavor Structure of NP

Lepton Sector
e Only want contribution to B(B —-D ') 7v.), not B(B =D ()l )(l = e, )

* Assume that the leptoquarks only couple to third generation of leptons.
e j.e. leptoquarks are negatively charged under U(1)s or $-aligned.

Ouark Sector Freytsis, Ligeti, and Ruderman, 2015

e To avoid constraints from other flavor data (e.g. FCNC) we assume that
NP is aligned with SM Yukawa matrices i.e. Minimal Flavor Violation (MFV).
 This means leptoquarks are charged under the SM accidental global
symmetry of SU(3)q X SU(3)u X SU(3)d4 (Flavor Group).
* SM Yukawas act as spurions with these Flavor Group charges:

Yu~(3,3,1),Yg~ (3,1, 3)

* Simplest possible scalar leptoquarks charges are: S1/3 ~{ (1,
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Scalar Leptoquark S 1

e Taking S1 as an example. But similar results hold for Ss.
e For S+ with flavor charge (1, 1, 3) Among the three, only this charge structure
= : - can produce b->c$# at leading order.
LI Si(PYy QCi"2L+ FY,Y,uCe)

e With $-alignment, (in broken phase and down mass basis)
L ! Si')(! ydi\/ji! u_fPL " 1 yg d°PL#) Lefthanded
+ Si')(!:'ydi yui\/ji! U_jCPR ") Righthanded
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Scalar Leptoquark S 1

e Taking S1 as an example. But similar results hold for Ss.
e For S+ with flavor charge (1, 1, 3) Among the three, only this charge structure
= : - can produce b->c$# at leading order.
LI Si(PYy QCi"2L+ FY,Y,uCe)

e With $-alignment, (in broken phase and down mass basis)
L ! Si')(! ydi\/ji! u_fPL " 1 yg d°PL#) Lefthanded
+ Si')(!:'ydi yui\/ji! U_jCPR ") Righthanded

e Withi= 3, and =2, we get the
contribution to R(D) anomaly.

e Relation to Wilson Coefficient,
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Electroweak Observables

* Fori, =3, this Lagrangian gives significant contributions to EW observables.
* Rewriting Lagrangian,
L! 17S(T°PL" " PP #)+ | S (T°Pr ")

= bet!b
— rybyt th!g
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Electroweak Observables

* Fori, | =3, this Lagrangian gives significant contributions to EW observables.
* Rewriting Lagrangian,
L! 17S(T°PL" " PP #)+ | S (T°Pr ")

= Yth!b
= FypY VtI!J

* Modifies Z decay rates and asymmetry parameters related to

ZV W\ Z1 bband Z! ",

where, !
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Electroweak Observables
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Electroweak Observables

Both couplings {'

w L/ ' . mt-dependence
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Electroweak Constraints
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Anomaly Parameter Space

Ro/R b Anomaly Explained
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Anomaly Parameter Space
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Anomaly Parameter Space

Ro/R b Anomaly Explained
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Final Remarks

e Rp/Rp- measurements are at ~4! standard deviation from SM.

 The large anomaly hints at NP near TeV scale.

In this talk, I
e 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:

e In order to explain the anomaly, MFV leads to relatively large Sitc$ coupling.

"' Scalar leptoquarks, with MFV, can satisfy the Rpo/Rp- anomaly but LEP/SLC

electroweak data rules out this scenario at 95%.

Thank You!
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