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Motivation

e SM W boson
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« R°M (D) = 0.299 £ 0.003 , R°M(D*) = 0.258 £ 0.005

* How do we know that so well?
> Semileptonic
> Unknown parameters cancel in the ratio
> |n the heavy quark limit my, m. — o0, we have only phase
space suppression

> In the degenerate lepton masses limit m., — my, R(D)=R(D’)=1

* We know to expand systemat ound this small parameters

* HFLAV Average
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Measurement
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» Most precise measurement of Q0428 “Fa . E
R(D) and R(D*) to date T b e Comomigraio Gy

O 3 8 ;_ — g;r_l;%?;:l;:\anon 2019 _;

» First R(D) measurement i = et =
performed with a semileptonic T S =
tag S :

_ . 0.3fF% ° E

 Results compatible with SM 3 E
expectation within 1.2o0 - ST S N

> 0.261 RS | SM prediction S

- R(D) - R(D*) Belle average is 3 SR ggEs IS
now within 2a of the SM 022F, |, IR s O o
orediction 02 025 |03 035 04 045 05

. R(D)

+ R(D) - R(D*) exp. world average This result
tension with SM expectation R(D) =0.30740.037 4 0.016
decreases from 3.80 to 3.10 R(D") =0.283 +0.018 £0.014




This Is puzzling
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* Central values are enhanced by 30% compared to SM — NP
amplitude 15%-30% compared to SM

* New physics is non-universal and breaks lepton flavor symmetry

* New physics is probably heavy — Can work with an effective theory

T
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e Demand Gy = SU(3)c x SU(2)r, x U(1)y invariance

* Assume no RH neutrinos, .e. B — D1y,

 Acomplete set for b — c7 transitions contains only four operators
L)(uQ)
eo"” L) (0, Q)
V1. L) Q' 7aQ)
2d)(eL)
B

>
>

- (e
G
(L
(@
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* All four operators contain also neutral currents (NC)

> For instance
cC NC

_/\ _/AN

Ve

(eL)(uQ) = (erve)(irdr) — (erer)(arur)

* \We looked for observables sensitive to those NC

* Neutral currents unavoidably modify bb and /or cC — TT

B
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EFT — NC observables

» We looked on lepton non universality of Y and % decays

'V —7t7r7)
NV = 4t—)°

RT/E (V — T7¢(28)7 { = ealu)

X

X

*D. A. Fraoughy, A. Greljo, J. F. Kamenik, Phys. Lett. B764 (2017) 126-134
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Vector meson decay - SM
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RZ/E - Prediction vs. measurement

V(nS) SM prediction Exp. value +0gat £ Ogyst
T(1S5) | 0.9924 + (’)(10_5) 1.005 £ 0.013 = 0.022
T(25) | 0.9940 + O(10-9) 1.04 + 0.04 + 0.05
T(35) | 0.9948 + O(10?) 1.05 =+ 0.08 + 0.05
¥(28) | 0.390 £ O(10~%) 0.39 £ 0.05
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RY/@ - Prediction vs. measurement

V(nS) SM prediction Exp. value +0gat £ Ogyst
T(1S5) | 0.9924 + 0(10_5) 1.005 £ 0.013 = 0.022
T(25) | 0.9940 + O(10-9) 1.04 + 0.04 =+ 0.05
T(35) | 0.9948 + O(10?) 1.05 =+ 0.08 + 0.05
¥(28) | 0.390 £ O(10~%) 0.39 £ 0.05

= Y(15), Y(25), Y(35)

= (25)
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* There are four independent CC operators
* There are eight independent NC operators
* CC + Gauge invariance — NC

> Not enough measurements to fix the values of the Wilson
coefficients of the four CC operators

> No information on the other four NC operators

T
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* Recall that
> Withinthe SM b — crr IS a tree-level process

> Central value is ~ 30% enhanced compared to prediction

* Huge enhancement of tree-level suggests new bosons which also
modify b — crv at tree-level

* There are eight different possible mediators
W/i o (173)07 U,UJ o (37 1)2/37Xu o (373)2/37S o (37 1)—1/37

T~ (3,3)-1/3,0~(1,2)12,D ~ (3,2)7/6, Viu ~ (3,2) _5/6

* Each boson breaks LFU |W decays in a different way

DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356 21



Results

UV field content RE/(; 5) Rfﬁs) Predicted modification to RE/(; 5)
W, ~(1,3)o 0.989-0.991 0.390 Decrease by 0.2% — 0.4%

U, ~ (3, 1)+2/3 0.952-0.990 SM Decrease by 0.3% — 4.0%

S~ (3,1) 13 SM 0.389-0.390 | —

Vi~ (3,2)_5/6 0.976-0.987 SM Decrease by 0.5% — 1.6%

SM 0.992 0.390

Current measurement 1.005 £0.025 | 0.39 £0.05

Achievable uncertainty (with current data) +0.01 +0.02

Projected uncertainty (£Y®5) = 1/ab in Belle II) | £0.004 -

T(1S)
RT/E

DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356

22




Results

UV field content RE/(; 5) Rfﬁs) Predicted modification to RE/(; 5)
W, ~(1,3)o 0.989-0.991 0.390 Decrease\by 0.2% — 0.4%

U, ~ (3, 1)+2/3 0.952-0.990 SM Decrease Wy 0.3% — 4.0%

S~ (3,1) 13 SM 0.389-0.390

Vi~ (3,2)_5/6 0.976-0.987 SM by 0.5% — 1.6%

SM 0.992 0.390

Current measurement @ 0.025 | 0.39+0.05

Achievable uncertainty (with current data) +0.01 +0.02

Projected uncertainty (£Y®5) = 1/ab in Belle II) | £0.004 -

T(1S)
RT/E

DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356 23




Results

UV field content RE/(; 5) Rfﬁs) Predicted modification to RE/(; 5)
W/L ~ (1,3)o 0.989-0.991 0.390 Decrease bk 0.2%)— 0.4%
Up ~ (3,1)42/3 0.952-0.990 SM Decrease by 0.3%
S~ (3, 1)_1/3 SM 0.389-0.390 | —
Vi~ (3,2)_5/6 0.976-0.987 SM Decrease by 0.5% — 1.6%
SM 0.992 0.390
Current measurement 1.005 0.39 + 0.05
Achievable uncertainty (with current data) +0.01 +0.02
Projected uncertainty (£Y®5) = 1/ab in Belle II) | £0.004 -
T(1S
RYAS)
T/l
DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356 24




BaBar CLEO CLEO

e Current error is ~ a7&°*" ~ 2%, a55°° ~ 5%, 055°° ~ 8%

* Babar and Belle have 16-20 times larger data samples than what
was analyzed, giving o ~ 1%

* Running at Y(3S) with £ ~ 1/ab Belle Il might reach o115 =~ 0.4%

B
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Summary

e Currenterroris o1g " ~ 2%

* Running at T(3S) with £ ~ 1/ab Belle llmight ~_J§{
covers most region of parameter space related to R(D*))

* LFUin T decays provide additional motivation to study T(3.5)
at Belle I

 Test the SM and Probe NP evenif 2( D)) disappears

DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356 26



Thank you!
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Backup

.. OO
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Vector meson decay — SM corrections

RY,;~ (1+222)(1 — 4z3)"/?

- ORY;p~6-107° 22 ~ O(107%)

Daniel Aloni, Weizmann institute of Science
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* Motivated by FCNC and LHC constraints
> We impose U(2)q symmetry of the light left-handed quarks

> We assume flavor alignment to the down mass basis

* Choosing a simplified model
> Fixes the 4 CC Wilson coefficients (up to overall normalization)
> Fixes the 4 corresponding NC, as well as the 4 other NC. For
instance a mediator which generates (#.L)(€Q) will also

generate (2L)(Lu), (€Q)(Qe)
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Vector meson decay — dim(6) operators

* Eight
ql ql
CVRR CVRL
ql ql
CVLR C'VLL
cdf
/
. 8 C% 104
_ . car
RY), Ay By :

A1qQT ~1kqgT
e

Daniel Aloni, Weizmann institute of Science 32



Relation between Wilson coefficient and Form-factors:

2

- [(C@ELL+C&£RR+C%JR+CVRL)+16a;ngRe [C‘Iﬂ |

A“Z/E = —4draQ), +
fv

2
12 12 0 12
BY = =X (C¥un+ C¥ns — CFin— C¥1s)

f .
oy = am Wore [op]
DY = 2m?2 2V 2 Jv —~Im C’%[ .
fv |
where
(0lgy" |V (p)) = frmaze = fy [e" (p)p” — " (p)p"]

Daniel Aloni, Weizmann institute of Science 33



Numerical results — example U,, ~ (3,1)2/3

* UV

o EFT

(LY L) (Qv,.Q) (L 7a L) (QyuTa@)

(ev"e)(dy,.d) (Qd)(eL)
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Numerical results — example U,, ~ (3,1)2/3

R =0.952 — 0.990
RIT =0.949 — 0.991
RIT =0.946 — 0.992

Y(25)
° RT/E
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e Current erroris @ ~ 13%

* Bess Il already has 10 times larger data sample than what was
analyzed, giving o ~ 4%

* We predict that Rff /¢ 1s modified by at most few per-mil

 Removing the imposed U(2)g symmetry might lead to a much
larger modification (work in progress)

* An order of magnitude improvement is needed to be achieved in

Bess || g
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In a cartoon
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In a cartoon

iy — Q<

b, ¢




In a cartoon

k=2
o

ol

DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356
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