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Lepton Flavour Universality Violation in semileptonic B decays
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PO BB = DOy
What is B —» D71 decay ?

@ @ B = B~(bit) or B(bd)
D = D°cit) or DY (cd)
%4 T D) { D : pseudo scalar meson
D* . vector meson

Uz

Tree-level decay (b—u charged current) in SM

Test of lepton flavour universality t/u,e in semi-leptonic B decays

R A

Theoretically clean, as hadronic uncertainties (form factors, Vub) largely cancel
In ratio
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Related observables @ NP model discrimination

Polarisation

Longitudinal

D* polarisation

D* __ —
FP = =

['(B — Di1D) ['(B — Di1D)

(B — D*rv) TI'(B— Ditv)+1(B — DirD)

T po|arisation p (D(*)) _ F(B — D(*)T)\:-|-1/2y) — F(B — D(*)7—>\=—1/2V)

asymmetries I'(B — D®7v)
F,(D¥) P.(D) P(D¥)
SM 0.46(4) 0.325(9) —0.497(13)
data 0.60(9) [Belle 18] - —0.38(55) [Belle "17]
Belle 11 0.04 3% 0.07

T Recent Belle result is slightly above the SM

Other LFUV ratios : R, Ry ,Rp , .,
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Whatis B — K"y~ decay ?

Y. Z -
b W s Loop-level decay (b—s neutral current) in SM
A
q q

Test of lepton flavour universality /e in semi-leptonic B decays

BB — KOuty~) SM
BB - KMete) -

1
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Theoretically clean, hadronic uncertainties cancel to large extent in the ratio
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g* = (p(¢) + p(£))* Lorentz invariant mass squared of lepton pair
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Lepton Flavour Universality Violation in semileptonic B decays
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Lepton Flavour Universality Violation in semileptonic B decays

SM M
h— ey R >RM b— sll  RIP <R

loop-level in SM e ]
WZLL<T b W s
v

LFUV in T vs p/e LFUVinpvse W

3
OS]
OS]

M 73 Manomaly’ 5¢HH T NP : 3rd >> 2nd

NPinb — c > NPinb — suu
2nd

Yukawa D PEERHEE & —i&. BAFENH D ?




SM Yukawa sectorl(d 13 parameters T T 5N TS

[3 lepton masses + 6 quark masses + 3+1 CKM parameters] « fixed by data

1st
2nd u ¢
3rd T t

The 3 gen. as “identical” copies

2 Flavour puzzie

B2, CKMITAIIEENEEZR> TW\5
Mass : 3rd >2nd > 1st CKM

M, 4 ~ Verwm ~

|

Y

Flavor theory?



SM Yukawa respect an approximate U(2) symmetry

Mass matrix

CKM
Hees | o h
B

¢ — (¢17¢27¢3)

U(2)q X U2),x U2),

U(2) flavour symmetry — provides natural link to the Yukawa couplings

Unbroken symmetry
0O 0 O
Y,=v.(0 0 0])"
0 0 1
U2),

After brelaklng U(2) breaking term
Au : Vq Vql ~ Vil ~ @(10_1)
o
001 AL~ ye ~ 6(107%)

Yukawa & CKM D[&ERITEIEHY. small breaking term TEtEH CTZE %



Under U(2)® = U2),x U2),x U2),; symmetry
QY =(Q',Q)~(2,1,1)  Q*~(1,1,1)
quark u? = (u',u?) ~(1,2,1) t~(1,1,1)
d? = (d*,d*) ~ (1,1,2) b~ (1,1,1)

Spurion V,~ZLD, A, ~ 2,2,1), A;~ (2,1,2)

U(2) breaking Order : |V, | ~ 0(107"), |A, 4 ~ 6(107%)

NP lagrangian is invariant under U(2) symmetry apart from breaking terms
proportional to spurions

with

Lo =C [(fLy”bL)(%Lyﬂyz)_l_ Ve (CL 7//tbL)(%Lyﬂyz)] V=1V| <(1))

NP in3rd: O(1) > NPin2nd: 6(1071



U(2) symmetryD It TYukawaD AR E > TW S = AT DD ICEFRA D <

A lV Dlagonal forn ,
Y, = /o a diag(Y,) = L'Y;R, (f=u,d)
/ 6_(_)71 QL*L;QL f f Vi i
dp = R;idg

a
Cy —5,e'"% 0

—lay

Ld — Sq€ Cy —S €i¢b with =
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L = C|(En b))+, Corb)En D)

mass basis
s ]
0O O —de’“dchq\
Ca . .
Za=Clo 0 ¢ WV, (it y, b)) Fry,vp)
0 0 1 )
Forb — cvsb = u
b — U p— Eeiad p— ‘/IS eiad
b —> C Cd th

UQR)DITTIE. ESflavorBRBDOREICEAFREN D <



QI'Qr and Q.I'Ug

mass basis

- - . Vu;
QLFQL and QLLdRLFUR with Q7 = ( ‘Z%)

For b; = ¢; vs by — cp

_ —m .
bV cr b,— s, e " cp br, — cr N Me
My ~ b
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UR)DITTlE. AEZDEWNY 4 —7 & & hT-Operatoridsuppress = 115



U(2) flavour symmetry D X & 6

Motivation : Yukawa & CKM DEERIEEDY. small breaking term TELEH TE %

B 3TEACH s 2tHCEH - B anomalyh RIB I ZFYIIE DFH & —iE
& S flavor@& % DO ICERN D <
HEZDEWNT #—2U %Z & hTZOperatoridsuppress= 115




Charged current b — ¢ & b — u [ EB. U(2) flavour symmetry MJTC. flavor & helicity
structure N ED K SICTRANTESZDERIT D

b — ctu, b — uty,
Correlations under
B anomaly B — D(*)TI/T [Rp)] B — TV, [Rﬂ]

U(2)

B.— tu, B+ — TV,

polarizations

SM _ Tanaka and Wtanabe

RP~1.05+0.51 — Bellell



Relevant charged-current semileptonic operators in SMEFT ( pgw < 4 < Unp )

1 N 5
_ lijaf] plijap]
Zorr=— Y Cliehlglifl 4 ¢,

k,[ijap]
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GEEDENY 1 — = (2" ) (@)
2 % & h 12 Operator Ogedq (éLeR (d%q))
> 1 aa —a,?
IFU(2) ClEsuppress éeéu (7 a e%) (q 7’ o )
3 1%
Ofiy, = (7 oeh)ean (@ o )

1
gEFT V2 [C A[Wﬂ] @(3) + C A[Wﬂ] @fe q]

% W couplingZZ X % & > fhoperator [ex. (H'i D LH)(@7'v"4,) I ﬁv
highly suppressed & LFUV % H & 73 LD Theglect



1 Lo y . Y Uy
e == [Cv AT (ZayrzaePy Gy, w9g)) + Cg AP <fLef;><dqu]

x COM—UTlE. a=p=30F50HERT S

V.S
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iIn mass basis with ¢/ = < Zu’) and normalized as Al?331 = 1

0 0 49
[i733] _ Ali33] _ S
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4 v
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Parameters: Cy, Cgand spurion |V, |
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Leptoquark(LQ) solution (scalar and vector)l&. B anomaly% i CZ& % mediator
DENEM. BHhTH U, = (2,1,2/3) vector LQ IF Ry & Ry M ETEARIBE

5 o (51 a o (i a
Lo, == B @i gD + B e | Ur+hc.

V2
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EFT approach & U, LQ



For convenience, re-define effective couplings as &/°M — (1 + C"“/"C)d >M

forb — ¢

Cyis) = Cus) |1+ 4 <

scalar and vector

flavor blind & NP helicity structurelc @ &K 1F

forb — u
Vcs Vcd | th | '
+ e'% Cioo=0C
Vcb Vcb | Vts | > ) VS)
Cs G G
Co  Cv Gy




For convenience, re-define effective couplings as &/°M — (1 + C"“/"C)d >M

forb — ¢ forb - u ]
V, V.ailVal .
Coa=Cys |1+ — + e'% Yo = Cpgy |1+ A4 +
V(S) V(S) q < Vcb Vcb | Vtsl V(S) (S) q

b—>cvsb - u

Depends on unconstrained phase a

a,—a; =arg(V,,) +arg(V,,) ~ — a/2

. L th N
C =1 inthelimita, = —arg| — :
V,S VZ-S C\%,S i
C Cis °F
V.S ~ (0.5 at dyg =T 1_— iZ\
(the phase of the CKM matrix originates [~

only from the up sector) 0



b— c

2 5|1+ C5% + 149 Re[(1 + CSng CE 1+ 1.02 | g CE|

RSM

RSM 2 |1+ C51* 4+ 0.11Re[(1 + CSng CS) + 0.04 | 55 CS |
D>l<

Fl{)* C C 2 2
R 1 +0.135n,C(1 — C) + 0.03 g C
FL,SM

PD

=5 — &~ 1+3.1615C{(1 - C}) = 2.55 nZ Cs
7,9M

pr” ,

oo~ 1= 03375 Ci(1 =€) = 0.07 ne Cs
7,9M

[guro, Kitahara, Omura
Watanabe and KY
[1811.08899]

where ¢ ~ 1.8 arises by running of scalar operator from TeV scale down to mb
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Cs _ & flavor blind &
v C, NP helicity structure

0.25

0.20 |
0.15 ] .- :Chi2w RD(*)
- —:Chi2w RD(*), B+
0.10 |
0.05 s 5
1 B~ — w106 a=n4; €[1,3]| V]
Lo -
0.00
> ' ., :_al,(,(Vm)
—0.05f ! A
—0.10 |
—0.15
—0.20
DT S P NN B R P
—0.10 —0.05 0.00 0.05 0.10 0.15 0.20 0.25

x There is constraint from neutral current obs. B, — 77
O = (3" T*))(@vum"q1) — CC & NC



Bp_ ~ |1+ CS "
vl + CS|” + L49Re[(1 + COng CE T+ 1.02 | 75 C< |

Rp: e .
~ |1+ C517+0.11Re[(1 + CS)ng CS1+ 0.04 | 55 CE |

Fb*

L
— ~ 1+0.1357,C5(1 = C¢ 2C¢?
PD

o 1 +3.1695CS(1 — CS) — 2.5512 CS*
PP”
poe 1 —0.3355C(1 = CS) — 0.0752 CS*




RD c 12 *
o 11+ CS>+ 1.49Re[(1 + CSng C1 + 1.02 |55 CE |

Ry )
~ |1+ C517+0.11Re[(1 + CS)ng CS1+ 0.04 | 55 CE |

y = —

oM
F£*~1+013 Ci(1 - C¢ 2 CE*
L,SM
Py
o 1 +3.16 553 CS(1 — C) — 2.5572 C&° scalar Cg dominant
pP”
* ~1-03375C5(1 — C5) — 00773 C& ARp — ARp« vs APy

%k
PT,SM



AP

0.6

0.4

0.2

—0.2

—0.4

—0.6

—0.8

AFL Jexp

0.0 :

AFP”

AP
-_IIIIIIIIIIII IIIIIIII IIIIIIIIIIIIIIIII-
-03 -02 -01 00 01 02 03 04

—:Chi2w Ry, BT

D transition (AP,LI.) ) : ~40% enhance
D* transition (APTD*, FLD*) - few %

D
Fr

exp

(DH

MEIFEBIR TE 2L



R %
RT?VI ~ |1+ C5)2 + 1.49Re[(1 + Cog CE'T + 1.02 |5 CE 2
D

Ry :
o |14+ Gy 4 0.1 Rel(1+ Cong €571+ 0.04 5 C5
D*

AR, — ARp. ~ 1.38 53 ReCS (AOX 0 1)

SM
OX

2
mp

BB — %)

BB — ttv)sm

=‘1+c;+ ;G

~ |1+ Cg+4.33C

n; (n_/lb + ﬂ_?(/.

R, :
= 11+ Gy + L13Re |1+ CHCY | + 1.36] Y

2

M. 2

~ |1+l +3.75C

BBt = 1)
BBt = 11U, )M

=‘1+C€;+ Cgf

m; (mb + mu)

OSM




O/Osm

a;=n (|C*/C| ~0.5) a;=—2arg(V,/V,)—n (|C*IC°| ~ 1.5)

I | _ L R
2.5 _ 25
: &
2.0 - — 2.0 7
_ - |
LS BB = )| 7 & T BB )l 7
~—
)
1.0k . 1.0k ]
0.5 . 0.5 - ]
—:Chi2 w Rp’
0.0 L— N U R R B ool o0 | ]
—0.4 —0.2 0.0 0.2 0.4 —0.4 —0.2 0.0 0.2 0.4
ARp — ARp- ARp — ARp-+
S
AR_<10% AR_<50% Ag =31Vl

RM =0.641 £0.016
R*P ~105+0.51 — Bellell RZ"!=0.641+0.071

Tanaka and Wtanabe [1608.05207]



B semi-leptonic decay ([CHWT. LFUV BERE ST 1 TWLW 3 (B anomalies)
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Charged current b — ¢ & b — u [ EH. U(2) flavour symmetry MJTC. flavor & helicity
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Correlations under
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