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Introduction

l00p suppressed
SM amplitude

B i@ K®
9 ...—% g . 1
b § b S
w W o
sensitive to new
¢ \ particle in loop
U 1%

M Theoretically much cleaner than B — K*¥¢—¢7

] Experimentally quite challenging due to two missing neutrinos—
— No signal has been observed so far
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Introduction

2 Inclusive tagging technique from Belle || has higher efticiency~4%

[2105.05754]
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| Exp, = (1.1£04)x 107
SM = (4.6 £0.5) x 107°
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Hamiltonian

2 Effective Hamiltonian with all possible dim-6 operators forb — suvv

[ )

4G agy ) N N N
Hog = ——— 4EM VisVis | Cr1 0001 + Z [Capl* (035"
\/5 n X=SV.T
\ A.B=L.R /
SM FCNC contribution I_ncvlu_des light right-handed neutrinos
CY = —2X,/s2 = -12.7 -OAB-QZ = (87" Pab) (¥ Ppv”) |
:O/SlB:a = (EPAb) (DQPBVB) ,
ZOZ;B:aﬁ = 04 (S0" Pyb) (DO‘UWPBI/B)

2 Observables: Branching ratio, differential distribution in q2
Longitudinal polarization fraction in B — K*vp
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Hamiltonian

m— [CY ]?® [C\RL]%®  wmm [CYR]? = [C\RR]*

6

/-

20 30 40

mmm [CH 9% = [CKRL ] = [C]R]% = [C%kr]*®

10

s [CT]%% = [CTrR]*

Variation with individual Wilson coefficients

All operators can achieve the expected range
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B-anomalies

BR(B — K™ puu)
BR(B — K®)ee)
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B-anomalies

-e-LHCb -m-BaBar -a—Belle

] B e B EL L By
i LHCDb
1.5:— » _:
1: _;-.— + SM
05F .

g* [GeV?¥ 4

2.0 —

15}

0.5

2 Tensions in FCNC decay rate ratios Rge) =

Bel)e preliminary

T "}" Belle
<& LHCb
T + BaBa
- SM prediction
l[O l|5 20

q* (GeV?/c)

BR(B — K™ puu)

BR(B — K®)ee)

S N A~ O
T

dB(B; — ¢up)ldg? (GeV~c?)

*/-\ B T l T T T T T I T T T ]
7_ U T =) [ HFLAV average Ax*=1.0 contours ]
~Mo04 ]
[ LHCbI5 ]
- BaBarl2 ]
: 0.35 — —
B LHCb18 ]
T Se .
b C 0.25 — T Belle1o Bellel5 i
B Bellel7 —

0.2 — 7 Average of SM predictions HFLAV
B R(D) = 0.299 +0.003 |_Spring 2019 |
B I R(D*)=0.258 £0.005 | IP(XZ) =27% 7]

0.2 0.4 0.5
R(D)
Belle-Il workshop, Vienna 5

R(D™)
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2 Exciting discrepancies observed in charged current B decays also

BR(B — D™ rv)
BR(B — D*)(v)

t€{e,u}
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B-anomalies
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Leptoquarks

4 q ldea from 70s: R-parity violating SUSY, GUTs

Mediators  Spin Interaction terms Operators
S:3,3,1/3) (Q | TQVYsin7-SsL 99
R,(3,2,1/6) 0 —dr Yy, RYinL +Q Zp, Ry vR O Ol 071, 0%
Sl(ga 19 1/3) O +@iTQY51L Sl ‘1'@?51 Sl €R +£Zsl Sl VR @}S;I‘Q/T’ @SVT
U;(3.,3,2/3) I + Q7 Yy, L Uy, 6V,
ViG3,2,506) 1| T dRyYVaVain L+ Qpa Visin Ve O
0"3.1,-1/3) 1 | +deZp 2"V g
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S5

1st generation couplings stringently constrained from Kaon, lepton data

X
\ P ‘L/L
y22 123 ) Large Y23, ¥33 values required for R(D'™) are
y32 Y33/ from BY — BY
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S5

1st generation couplings stringently constrained from Kaon, lepton data

X v
\ L
y22 y23 ) Large Y23, ¥33 values required for R(D'™) are
y32 Y33/ from BY — BY
~— v o . oo
Y§32Y5232 = 0.0028 £ 0.0005, |Y§’32| < 1.33
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S5

1st generation couplings stringently constrained from Kaon, lepton data

X v
\ L
y22 y23 ) Large Y23, ¥33 values required for R(D'™) are
y32 Y33/ from BY — BY
N, v o o oo
BD — sup: G- =—-Cp = —0.417577
Y&y = 00028 +0.0005, |V <133

_ v
b — sui: Cy,

~ Only ~2% enhancement in Ry with Y22 y32
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S5

1st generation couplings stringently constrained from Kaon, lepton data

X v
\ L
y22 y23 ) Large Y23, ¥33 values required for R(D'™) are
y32 Y33/ from BY — BY
5 J NP NP +0.07
Y32YE? =0.0028 £0.0005,  |Yg?| <1.33

_ v
b — sui: Cy,

Only ~2% enhancement in Ry with Y22 y32

However allowed range of Y23 Y33 together with Y22 Y32 explaining
b — sup anomalies give Ry =2.4+3.6
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b — spp: Cy=— Cj,

R°! tension slightly reduced
[1,6]

R > 1
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RHN coupling
f_H\ g)iL - = 491&
Y** y» |+ Z* 7%\ b — svp. 3, generated with RHN
y32 y33 732 733 No interference with SM
X‘ 2
b — suu: Cy=—Cj,

R°! tension slightly reduced
R > 1
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RHN coupling X

f_H\ g)Ib:L - = 4@12
Y** y» |+ Z* 7%\ b — svp. 3, generated with RHN
y32 y33 732 733 No interference with SM
x_ 2
b — suu: Cy=—Cj,

R°! tension slightly reduced
R > 1

Region explaining R(D) is
completely excluded by Rg
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S :

b — suu : No tree-level contribution, 1-loop effect requires large
couplings incompatible with other data

LH onl
y22 y23 R(D) ~ 1.04R(D)sy,
y32 Y33) Large Y23 Y33 values fromB) —BY & Z — 1
b — svi. ¢}y = v =946+ 1.22

Belle-Il workshop, Vienna 9 Rusa Mandal, Siegen U.



S :

b — suu : No tree-level contribution, 1-loop effect requires large
couplings incompatible with other data

LH onl
on y| \ X @ZL
0 R(D™) ~ 1.04 RIDD)g\
y32 33 Large Y23 Y33 values fromBY—BY & Z — 77
b — suv. C), | Vo= 2.46 +1.22
+
\ v @ZL’@iL:_‘L@{L

722 y23) . . K

o2 1733/ b— svp.c), —  RY =235+£197
LH+RH |
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RHN coupling
—N—
22 v23 | 4 22 523 X q T
Y- Y /°c 15 Pop = — 4P
Y32 Y33 Z32 Z33/

b — svi: Cap generated with RHN
No interference with SM

23

Region explaining R(D) is
completely excluded by Rg
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Vector leptoquarks

Full UV model is needed for reliable estimates of loop induced processes

Uy

X PlL
y22 Y23\ Large Y% Y33 values required for R(D(*)) are
Y32y from Ry
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Vector leptoquarks

Full UV model is needed for reliable estimates of loop induced processes

Uy

Y22 Y2
Y32 Y33

X Pl
3\ Large Y23 Y33 values required for R(D™) are
| from RY

—~ f b — sup. CN° = —CNF

b — suv: CXL S R[lé ~ 2.4
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Vector leptoquarks

Full UV model is needed for reliable estimates of loop induced processes
U .
U3 \

X P
3\ Large Y23 Y33 values required for R(D™) are

22 2
r=r from Ry
y32 y33/
ey of b — Spup. CNF = —CNF
b — sui. CXL Ry ~24
v . v X
Pr —  R(D) R(D*)
\ Ditters in form factor dependence
v22 y23 | + 722 723
y32 y33 732 933
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Vector leptoquarks

Full UV model is needed for reliable estimates of loop induced processes
U .
U3 \

X P
3\ Large Y23 Y33 values required for R(D™) are

Y22 Y2 v
o from Ry
ey of b — Sp1p; CNP = —CNF
b— svu. C), = RY~24
Vi Yo\ res

Pk~ R(D) R(D¥)
Ditters in form factor dependence

Y22 Y23 +

xb —> S . _— /I /
y32 y3 Ui Cg= = Cp. Cg= G

b — sui: CIYL S RI”{ ~ 2.4
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Heavy Z':

2 Neutral current £ (Z') = Z A?%W“PLTP%ZL 4 Z Ag@%V“PMDﬂZQ

R hWIVER
b — sup:LH couplings CYXF = —CNP = v . ApAT
9 P A A
Stringently from tree-level contribution to B — BY

ASLb — (8.5 T 6.4) X 10_3, A%ﬂ = 2.00 = 0.95
RY. =1.0540.03
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Heavy Z':

2 Neutral current £ (Z') = Z NE@ZW“PL%ZL 4 Z A%ﬁ%V“PRt%Zﬂ

3L LI VR
b — spp:LH couplings CoF = —CYF v o AP AL
0 M oV Vi T
Stringently from tree-level contribution to B — BY

R ASLb — (8.5 T 6.4) X 10_3, A%ﬂ = 2.00 = 0.95
RY. =1.0540.03

b — sup:LH + RH couplings Y = —CNP & Cy = —C

~ _ No new contribution to R[’g ~ 1.1
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Comparison
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Comparison
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Comparison
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Summary

2> Experimental challenges might be overcome with inclusive
tag technique@Belle || — expecting signal soon?!

> Possibilities to connect the indicated excess with both NC and CC
B-anomalies in “simplified” models

> RHN explanations to R(D™) are for S & R, by B — K©ui

> Heavy Z'explaining b — suu with minimal setup enhance Ry

2 S, explaining CC B-anomalies & §5 in NC+CC framework can
produce expected enhancement in Ry

2 Other links—Dark matter connection?! [1111.6402]
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Summary

2 Experimental challenges might be overcome with inclusive
tag technique@Belle || — expecting signal soon?!

2 Possibilities to connect the indicated excess with both NC and CC
B-anomalies in “simplified” models

& RHN explanations to R(D™) are for S, & R, byB - KOup

2 Heavy Z'explaining b — suu with minimal setup enhance Ry

2 S, explaining CC B-anomalies & S5 in NC+CC framework can
produce expected enhancement in Ry

[

2 Other links—Dark matter connection”! [1111.6402]
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Back ups
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Charged current
( \

AGFV, Va o o
Her = ;—b Q; 1 6up + Z Pas’ Qan’
2 =S,V.,T
\ ABoLR )
QVO‘B = (" Pab) (Za’yuPBz/B) :
i%ﬁ = (EPAb) (EQPBI/B) :
SMEFT matching Tl . (o™ Pab) (0, Py
2
v
Vag v 2m C(3) m3af3
7DLL =+ A2 — ‘/cb[ ] )
2
« v 1)*123c
Pri’ =~ SN2V, Clogu]™**.
Taof U2 (3)*123a3
7DLL - 2A2V [Clequ] )

2
PSaB + U Z Vém[ * ]m3a6
RL 2A\2 ‘/cb ledq :

m=1

S(T) (m

Running factors: Piy (my) = 1.67(0.84) x Py (A = O(TeV))
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Neutral current

2 Hamiltonian and relevant operators for b — spu
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B anomalies
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