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« Introduction — The R(D™*)) puzzle

» The EFT and emergence of neutral currents

e \/ector meson decays
» Implications of EFT on LFU violation in Y and % decays
* Future prospects

e Summary
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The effective field theory
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e Demand Gsyr = SU(3)c x SU(2)r, x U(1)y invariance
e Assume no RH neutrinos, .e. B — Dty

« Acomplete set for b — ¢TI transitions contains only four operators
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* All four operators contain also neutral currents (NC)

> For Instance
cC NC

N\ N\

Ve

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

» \We looked for observables sensitive to those NC

 Neutral currents unavoidably modify bE ,CC— TT

T
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EFT — NC observables

* We looked on lepton non universality of Y and ) decays

NV —7t7r7)
NV = 4t0—)°

RT/E (V — T7¢(28)7 t= G,M)

*D. A. Fraoughy, A. Greljo, J. F. Kamenik, Phys. Lett. B764 (2017) 126-134
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Vector meson decay
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Vector meson decay - SM

RY,;~ (1+222)(1 — 4a2)"/?
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Vector meson decay — SM corrections

RY, ~ (14 223)(1 — 4a2)/?

> 0RY;p~6-107° 22 ~ O(107%)
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RZ/K - Prediction vs. measurement

Exp. value Logtat £ Ogyst

V(nS) SM prediction

T(1S) | 0.9924 & O(107?)
T(25) | 0.9940 &= O(107?)
T(3S) | 0.9948 +£ O(107°)
(25) | 0.390 £ O(10™%)

1.005 = 0.013 = 0.022
1.04 =0.04 = 0.05
1.05 = 0.08 = 0.05

0.39 == 0.05
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Vector meson decay — dim(6) operators

e Nine
qt qt
CV RR CV RL
ql ql
CV LR CV LL
cif
. 9 C% 10 4
19T ~qT (§QT
R Ay B v

A1qQT ~1kqT
gz
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Connecting charge currents to neutral currents
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The need for assumptions

. four CC

. nine NC

* D. Bardhan, P. Byakti, D. Ghosh, JHEP 1701, 125 (2017)
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 Recall that
> \Within the SM b — ¢7 7 s 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

T ~ (3,3)_1/3, ¢ ~ (1
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» Motivated by FCNC and LHC constraints
> We impose U(2)g 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 5 other NC. For
instance a mediator which generates (#L)(eQ) will also

generate (aL)(Lu), (€Q)(Qe)
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Numerical results

—A—
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» Complete list of simplified models -
W/_/L o (173)07 UN ™~ (37 1)2/37X,u o (373)2/37‘9 o (37 1)—1/37
1"~ (373)—1/37¢ o (172)1,27D o (372)7/67V,LL o (372)—5/6

» Normalize the Wilson coefficients by Integrating out the heavy mediator
» Find best-fit values of new couplings to minimize the R(D*))anomaly (x?)
 Calculate the p-value for each model

e Find the 95% C.L. interval of the new couplings

- Calculate R}/, and R‘fiiwithiiﬂﬂed region
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Numerical results — example U,, ~ (3,1)2/3

o 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
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R =0.922 - 0.990
RITY =0.915 - 0.991

RIT =0.911 - 0.992
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Numerical results

UV field content Rz/(t} 5) Rf/(is) Predicted modification to RE/(E 5)
W}~ (1,3) 0.989-0.991 | 0.390 Decrease by 0.2% — 0.4%

Up ~ (3,1)12/3 0.922-0.990 SM Decrease by 0.3% — 7.1%

S~ (3,1) 13 SM 0.389-0.390 | —

Vi, ~(3,2)_5/6 0.975-0.985 SM Decrease by 0.7% — 1.7%

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®%) = 1/ab in Belle II) | £0.004 -

R
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Future prospects

—A—
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e Current erroris o ~ 13%

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

» We predict that R¥ , is 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 || !
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BaBar CLEO CLEO

o Current erroris ~ o1g°" ~ 2%, 055°° ~ 5%, 0355°° ~ 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
o1 ~ 0.4%

e LFU in T decays provide additional motivation to study T(35) at
early physics program of Belle Il (w/o full vertex detector)

B
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Future prospects - T'(n.S)

[ ]
A",
' « SM

MEI_ U, - extreme

941 V,, — extreme

0.92 3

06 98 10.0 02 My

mT( S) 2 mT( s) 2 1/2
mT(nS) m’r(ns)
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+ R(D™) is enhanced compared to the SM at 3.9

 Explaining this enhancement suggests new bosons which mediate the
b — crv transition at tree-level

» Such bosons can generate observable LFU violation in vector meson
decay

« Current measurements of % decays do not have the required accuracy

* Current (not analyzed) data of Y'(1.5) can already disfavor some of the
parameter space

* Belle Il can contribute significantly if operates below the Y (4.5)

resonance !
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Thank you!
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Backup

B
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sz [ ’ gL\’ [ 643
- \e—1 8Q C3r 5% 1+ 222

Where € = m? /m% and g% = Ty — 2Q,siy

B
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Corrections — QED 1-loop
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Relation between Wilson coefficient and Form-factors:

i
¢

m

qt qt f$ q
rr tCyvrg + CVRL) + 16x,——Re [CT ] :

1 I

gl m%/ gl gl ql ql
BV : A (CVRR + CVRL - CVLR o CVLL) )
gt o o2 f \; ara
fv L7
ql __ 2 ﬁ [ ~ql ]
Dy, =2my,~—~Im |C; | .
fv L
where
(0lgy" |V (p)) = fvmyet = fy[¢"(p)p” — ¢ (p)p"]
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