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What is R(D™*))?
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Measurement
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This Is puzzling
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What can we do about it?
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Great time for...

Synergy between
experimentalists and theorists
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* Few words aboutR(D(*))

« Y and ¥ decays as probes of solutions to the R(D™)) puzzle
(1702.07356)

* Measuring the CP violation in b — c7v using excited charm mesons
(1806.04146)

Daniel Aloni, Weizmann institute of Science 8



* 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

R
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* Demand Ggar = SU(3)c x SU(2)r, x U(1)y invariance

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

» Acomplete set for b — c7v transitions contains only four operators
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Y and ¥ decays as probes of solutions to
the R(D™)) puzzle

DA, Aielet Efrati (WIS), Yuval Grossman (Cornell), Yossi Nir (WIS)
JHEP 1706 (2017) 019, Arxiv: 1702.07356
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e Demand Gsy = SU(3)c x SU(2)r, x U(1)y invariance
e Assume no RH neutrinos, i.e. B — D1y,

» Acomplete set for b — c7v transitions contains only four operators
L)(uQ)
ec"” L) (tuo,,Q)
1. L) Q' 7aQ)
)d)(eL)
B

>

>

(e
(
- (L
- (@

DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356 13



e Demand Gsy = SU(3)c x SU(2)r, x U(1)y invariance
e Assume no RH neutrinos, i.e. B — D1y,

e A commtetesatdQr O — c7v transitions contains only four operators
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* All four operators contain also neutral currents (NC)

> For Instance
CcC NC

_ A\ _/A\

(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

NG
NV —+e—)’

RT/E (V — Taw(Qs)a b= 6,,&)

X

X

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

DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356 15



Vector meson decay - SM

DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356
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RY,, - Prediction vs. measurement

V(nS) SM prediction Exp. value +0gtat £ Ogyst
T(1S) | 0.9924 4+ O(107°) | 1.005 £ 0.013 4= 0.022
T(2S) | 0.9940 + O(107?) 1.04 +0.04 + 0.05
T(3S) | 0.9948 + O(107?) 1.05 4+ 0.08 & 0.05
¥(25) | 0.390 = O(10~%) 0.39 £ 0.05

DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356 17
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T(2S) | 0.9940 + O(107?) 1.04 +0.04 + 0.05
T(3S) | 0.9948 + O(107?) 1.05 4+ 0.08 & 0.05
¥(25) | 0.390 = O(10~%) 0.39 £ 0.05

= Y(1S), T(25), T(3S)

= (2S5)
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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

B
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* Recall that
> Within the SM b — c7r 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 — c7 at tree-level

* There are eight different possible mediators
W,L/L o (173)07 U,LL o (37 1)2/37X,u o (373)2/373 o (37 1)—1/37

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

* Each boson breaks LFU W decays in a different way

DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356 19



Results

UV field content R;r/(gl 5) Rfﬁs) Predicted modification to RE/(KI 5)
W/i ~ (1,3)o 0.989-0.991 0.390 Decrease by 0.2% — 0.4%
Up ~ (3,1)12/3 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®%) = 1/ab in Belle II) | £0.004 ~
T(1S
RY(S)
T/
DA, A. Efrati, Y. Grossman, Y. Nir, arxiv: 1702.07356 20
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_nethingto C o

e Current erroris 18" ~ 2%

* Running at Y (3.5) with £ ~ 1/ab Belle Il might
reach o1 ~ 0.4%

* Cover most region of parameter space related to R(D™)

* LFU in Y decays provide additional motivation to study Y (3.5)
at Belle Il

* Test the SM and Probe NP if R(D™)) disappears

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



Measuring CP violationin b — c¢r~ 7,
using excited charm mesons

DA, Yuval Grossman (Cornell), Abner Soffer (TAU)
PRD 98 (2018) no.3, 035022, Arxiv: 1804.04146
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e Demand Gsm = SU(3)c x SU(2)r x U(1)y invariance

* Acomplete set for b — c7i transitions:

(eL)(uQ)

> (ec"”L)(uo,,Q)

> (L1 L) (@770 Q)
(Qd)(eL)

B

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146 23



e Demand Gsm = SU(3)c x SU(2)r x U(1)y invariance

* Acomplete set for b — c7i transitions:

(eL)(u@)
> (e0™ L) (1104, Q) Can we measure
> (L7 L) (@7"7Q) the phases?
(Qd)(eL)

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146 23



Why is It interesting to have a phase?

. LFU CP

e CP violation = NP

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146
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Checklist for CPV observables

> Two amplitudes
> Weak phase

> Strong phase

Llea 01 — 09 €b1—¢2

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146 25



Can we measure CP asymmetry directly?

Acp o |A(B — D®7)|2 — |A(B — DY rp)|?

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146
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> 4
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Can we measure CP asymmetry directly?

Acp o |A(B — D®7)|2 — |A(B — DY rp)|?

, 4
X

Triple product Our method

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146
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Triple product — Four body decay

. five

e Two three

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146
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Previous ideas for measuring CPV

D*(— D)l vy A y A }/

B(pg) — Di{pp)7 (p- )75 (py, )

\_’ Vo {QE_:S]HT{P’J&}
|—> H_[m]ﬁ“[!’ﬂ
7t (p )7 (p2)7 (ps)

7 (po)m (p2)m (ps)

. T angular distribution
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Our method - Interference of resonances
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Our method - Interference of resonances

N ! _, strong
N0z e m%.. —m% +imp,Ip, ~ phase
N\
-~ Q

O v
‘O}(

ol

/l/,o N C

Vo) %Q 2 strong
2 —
%@4 Mmp.. —my, +imp,I'p, ~ phase
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Our method - Interference of resonances
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Our method - use Interference of D™ mesons

>
9 D**
Particle | J* | m (MeV) | T (MeV) | Decay modes
Dy | 0F | 2330 270 Dr
D |1t | 2421 384 D*r
Dy [ 1T ] 24x 34 D*r
Dy | 2T | 2462 48 D*r, D
. two are narrow same final state
. D, D, spin 1 2

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146 31
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Our method - use Interference of D™ mesons
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Our method - use Interference of D™ mesons

4
9 D**
Particle | J* | m (MeV) | T (MeV) | Decay modes
Di |07 | 2330 | 210 Dr
B g om | g | Dy
Dy 1 2421 34 D*rn
Dy J\ 27) 2462 48 D*r /D
. two are narrow same final state
. D, D, spin 1 2
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* B — D** transitions are calculated to LO in the heavy quark limit

* Introduce a single NP operator at a time:
Og = bc, Opg = by°c, Op = bo"c

* Integrate over leponic parameters q2, Ou, ¢

_ —

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146 32



ACP with C NP = =0. 15 1+I
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Ace with C%p = 0.15(1+)

TT

3n
4 0.015
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Q I
© . P .
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n T
" -0.015
3 0.008
4
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Q I . .
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-0.004 bt
s
4 _
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Some cross checks

* No asymmetry without weak phase
Acp[w=1.1,¢=0.8,60=0.2,6,=0.3] ()

0.006 — Cnp=0

0.005} T Ows0ds

- CNP=0.15(1+i)

o 0.004 :
<< 0.003}
0.002}
0.001}

O T ———— |

2300 2400 2500 2600 2700

Mp  [MeV]
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Some cross checks

* Integration over &p and @ kills the interference between
D, and D," (since [P, L?] # 0 but [P% L] =0)

0.010F
0.008}

o 0.006}
&S [

<

0.002}

0.000+

Acp With C°np = 0.15(1+i)

0.004F

— Acplw=1.1, [dp, 8p=0.2, 6:=0.3]

— Acpw=1.1, [d¢ d6p, 6;=0.3]

2300 2400 2500 2600

mp  [MeV]
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Can we do better?

Acp with CSNP =0.1 5(1 +i)

TT

v 0.08
0.04

S 3 0
~0.04
n -0.08

o
I
I
&
~

D o
~

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146
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» New obseravble for CPVin b — ¢7v transitions

* A~1-10% is found, depending on the observable, and on the strength
and CPV phase of NP

e Can be measured at both Belle Il and LHCb

R

DA, Y. Grossman, A. Soffer, arxiv: 1806.04146 38



things we can

+ R(DW)

* Belle2 LHCb by measurmg
>LFUIn T
> CPV B — D"t

Daniel Aloni, Weizmann institute of Science 39



Thank you!

Daniel Aloni, Weizmann institute of Science
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