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There are B anomalies in b ->c t v and b ->s u u transitions.
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Our question.

Is there any model that explain

D* polarizationin B = D*tv
at the same time?

R(D(*)) =

(B - Dymv)
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Figure 1: Kinematics of the B — D*(— Dx){v decay.
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New result from the theoretical calculation

by Marzia Bordone et al. @EPS

They calculated the higher order correction. 1907 .XXXXX
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* One operator analysis



Effective Lagrangian forb ->ctv

4G,
Herr = ﬁVcb [(1 + Cy1)Oyy + Cy20y; + C51 051 + C5205, + CrO7]

Operator basis
Osy = (CPrb)(TPLV;)
Os, = (CPLb)(TPLv;)
Oy1 = (Cy*PLb)(Ty*PLv;)
Oy, = (CYy"Prb)(TY*PLv;)
Or = (Co*VPLb)(ToyyPLVvy)  Tensor

Scalar

Vector

Assumption: v (6o Prb)(FouyPuve) = 0
X. G. He, etal. 1711.09525

Sterile v scenarios are also considered. Syuheilguro, Y. Omura 1802.01732
A. Greljo, et al. 1804.04642



Effective Lagrangian forb ->ctv

4Gy
Herr = ﬁ b [(1+ Cy1)0yq + Cy20y; + Cs10s1 + Cs205, + CrO7]

Operator basis
Os1 = (CPRrb) (TP V) —
—==~ 8 -~ & -2 Scalar
sy = (cB,b) (7P, vy) H
Oy, = (cy*P.b)(@Ty*PLv,) /
— — Vector
Oy, = (Cy"Pgrb)(Ty"PLv;) W
OT — (C_'O'“VPLb)(’LTO'MVPLVT) Tensor LQ




Calculation of RD  Ysakaki et al.1309.0301

Generic formula

Input form factors

dl(B = D7) G|V . m2\* . ~ Dol .
( e ’)=19;|r37‘;1|% VA (q)(l— q2> x{ Hol) = His o) = Higo(d) = || *20 Fi(@)
m? 3m?
|65+ C +CL |2 Kl —T> HiA + == Hs?} .
o & 20 Hi () = Hy, (¢?) = iy (@) = T2 2 Ry (g?)
.. 12 rs2 112 Qm s2 Ve
2 2
+ 3Re[(di- + CY, + C1,)(Cs + Cg )] \T/nT_ H3Hs, || H36) =H3, () = Hy, (") = T’Z = ZZ’ Fo(q®)
q
m
-12R 6,0 CC THH, . - Ap(q?
el(dr + Cy, + Cyy) ]\/1— pAy, } Hi(¢*) = Hy ,(q°) = Hi )__nlBi(zliFT(z
2 2 2 2
(D(K)|ev,blB()) = |(p + k), MJ Fi(g )+q£’"Bq2’”DFO(qz)
2\ _ 1 2\ N 2
TOO Compllcated Fi(q7) _2\,/% [(mB+mD)h+(u(f1 )) — (mp —mp)h_(w(q ))]
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We used Form Factors(FFs) of 1703.05330 to get the generic formula

M. Tanaka and R. Watanabe 1212.1878.
0 (AQCD/mb,c) and O (ag)

We evaluate observables with p=mb

R
RT?’I — |1 -+ CV1 -+ Cv2|2 + 1. 02|C.S‘1 e Csz|2 + 0. 90|CT|2
D
Scalar Tensor
+ 149Re[(L + Gy + Oy, (CEF C3.)] + 1.14Re[(1 + Cy, + Cy,)C3l,
R 2 2 2
RSI\I — I]- + Cvll + |CV2| + 0 04|CSI CSQ| + 1607|CT|
— 1.81Re[(1 + CVI)C{"/,Z] + 0.11Re[(1 + Cy, — C'VQ)(C';1 — C;Q)]
— 512RC[(1 =+ CVI)C;‘] -+ 666RC[CV20}] )
D* =1
FF;; = <%) X (|1 + Cy, — Cy|* + 0.08|Cs, — Cs, |* + 7.02|Cr|?
L,SM ¢ 5

= 0.24Re[(1 v 3 Cvl - C\Q)(Cgl - C;Q)] e 4.37R.e[(1 + Cv] - C\z)Cr’;ﬂ])

large scalar effect is need to enhance RD*



Constraint 1
Vector and scalar operators for R(D(*)) automatically

contributesto B, — v

BR(B; — tv)=

2
ch

BR(B; = w™W)smX |1+ Cyq — Cyp + (Cs1 — Cs3)

BR(BZ — )y = 2% ~4.2
Scalar operator drastically enhances
BR(B, — 1V)

Previous constraint

ﬁ R.Alonso et al. 1611.06676 Current constraint
A.G.Akeroyd.et al. 1708.04072 < 60Y%0 M.Blanke.et al. 1811.09603

M (mb + mc)




Good news for the (far) future.

. B Physics

CEPC (102 Z) Belle Il (50 ab~1 @Y (4S) LHCb (50 fb1)
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"« Tau decay modes might be accessible

— B—KtT with 3-prong tau decays allows 4 vertex
positions and thus full mass reconstruction
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570 7/8/19 Daniela Bortoletto, KAIST-KAIX Workshop on Future C

Slide by Daniela on the first day
The upper limit on B, — v from a future lepton

collider can test the scenario! ECC-ee also



Constraint 2 . .
Severe constraint for the charged Higgs my- > 400GeV

" 35.9fb™ (13 TeV)
§ IéMISI T I. ' clSISMIW'INII\lL(') 3
S ok rtminary W S 1 p 4 flavor scheme
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Scale dependent
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0.26|
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seems difficult to enhance RD* for my- > 400GeV




. H.. = ﬁV (1+ Cy1)Oy1 + Cy20y, ]
One operator analysis. I 7 2 P |+C51 051 + Csp 05 + CrOp
Os1 = (CPRrb)(TPLv;) Sealar
. iy Os2 = (€PLD)(TPLVy)
C X — ‘C X ‘ e Oy, = (CY#PLb)(Ty*PLvy)
Oyz = (CY#Prb)(TY*PLvy)
OT - (C—'O'HVPLb)('l_'O'uvPLVT) Tensor

Vector

Phase
Absolute value

R ; ; .
ES—I‘\)_] = |1 -+ C'\'x = C\:zlz + 1-()2|C'S| . 3 Cszlz + ().9()|C"1‘|2
D Vector Scalar Tensor -
+ l-lgR(‘[(l + Cy, + C“:_,)(C';-l = CV;., )] + 1.14R(‘.[(1 + Cy, + C\_,)C 7-] :
Rp-

pvi = L+ Cwil” + O + 0.04[Cs, — Cs,|* +16.07|Cr [’
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— 1.81Re|[(1 + C‘,x)(,“*{z] +0.11Re[(1 + Cy;, — Cv,)(Ch, — (';2)]

— 5.12R(‘,[(1 + C", )C}] + GGGR(‘[C\.,C}] y

1“1)' 1‘),). 1 g 5 P
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+0.24Re[(1 + Cy; = C%)(C3, = C3.)| — 4.3TRe[(1 + Cy; — (\-,_,)('.;.])



4G (1+ Cy1)0yq + Cy20y, ]

One operator analysis. "7 =5 Ve |4c5,04 + C05, + €107

Os1 = (CPgrb)(TPLv;) Scal
0 Os; = (CPb)(TPv) ~
operator Oy, = (¢cy#*PLb)(TyH*PLv;)
s1 0P Ovz = (EYHPRD) @V PV
Or = (ca*VPLb)(ToyyPLV,) Tensor

05,
CSl (:ub> — |Csl ‘62(51
[ . ~ After Moriond2019 | FLD;M = 0.453,
0.321 o of world average FLD* — 0.60 + 0.09

0.30f Q FL | BR(B: - 1V)
S .28} |
< | /

Cs, can not enhance RD RD*&
e.g. Type-1 2HDM 1303.0571 .

70.25 0.30 0.35 0.40 0.45
Rp Yellow region is predicted



One operator analysis.

O¢, operator

4Gy

—— VC

H .. = (1+ Cy1)0yq + Cy20y,
eff — \/i

? 1+Cs1051 + C5205, + Cr Oy

Os, = (CPyb)(TPLvy)
Oy, = (CY#*PLb)(Ty*PLv;)
Oy, = (CY*Prb)(TyHPLvy)
OT = (C_'O'MVPLb)(fO'uvPLVT) Tensor

Scalar

Vector

Cs, can enhance RD RD*

OSQ (:ub) — ’CSQ ‘ 6?;

34—
0.3 [ e.g. generic 2HDM.
0.32f . 0.56 . *
(\15 -------- Enhances FP and BR(BZ — tv).
0'30:' 0.52 - Collider search is interesting.
~ Pt ol 60
S 0.28} 30 % bt e L F TR G2HDM can accommodate 6a, and RD
0.26-=====--- S ————" 1802.01732 Syuhei lguro, Y.Omura
' 10% ——==1 __ )
0.24| SM ] UUTT search is powerful!
22 e M .Takeuchi
0.2 0.30 0.35 0.40 0.45 axeuen
RD // \\\h‘H"4
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One operator analysis.

0y,/1 operator

Cvi () = |Cvy "

4Gy

—_— VC

H .. = (1+ Cy1)0yq + Cy20y,
eff — \/f

? 1+Cs1 051 + Cs5205, + Cr Oy
Os1 = (CPrb)(TPLVr) Sl
Osz = (CPLb)(TPLV,)

Oy, = (cy#*PLb)(TyH*PLv;)

Vector

Oy, = (CY*Prb)(Ty*PLvy)
OT = (C_'O'MVPLb)('l_'O'uvPLVT) Tensor

0.34 —
032 e L0
i ,/ o \\\ 2.11,n .
030f 0070 or FP" does not change®
* i N a0 /7T \\
[ \‘\\ 1 \‘ . .
0.28 (0.03,0) oF ~ - _ a ) The required |Cy, | is much
: (203m) " ~.___ 20 smaller than |Cs, |.
0'26;_ * o Hard to search in LHC with
0.24} SM 0(100)fb.
® I D* D*
: = ~ 0.45
0.22 After Moriond2019 .L. L L.’ %M. L
0.25 0.30 0.35 0.40 0.45

Rp



One operator analysis. 4Gr , [ (1+Cy1)0p1 + G20y, ]

H,pp=—F
el V2 P |+Cs5101 + Cs30, + Cr 07

Os1 = (CPrb)(TPLV;) B
Os; = (CPLb)(TPLVy)
Oyy = (CY*P.b)(Ty*PLvy)
Oy, = (Cy"Prb)(TY*PLv;)
OT = (C—'O'H'VPLb)('fO'uVPLVT) Tensor

Oy, operator

Vector

Cv, (1p) =|Cvsy et

0.34 —

0.32¢

0.30f FP" almost does not change@
% [ Not easy to search in LHC with

@ 0'28;' 0(100) fbL.
0.26L 1b+tv resonance search is
[ more sensitive!
0.24} A.Soni, et al. 1704.06659
.| |Syuheilguro, K. Tobe 1708.08176
0-20225 0.30 0.35 040 '(‘)‘45 M. Abdullah, et al. 1805.01869

Rp



One operator analysis. 5 _%Gr, [ (+C1)0ps + Crz0p ]
7= 2 P |+C51051 + Cs305, + Cr 0y

Osy = EEPRzggl_—PLV‘Lg St
052 == C—'PL fPLVT
OT Operator Oy1 = (CY*PLD)TYHPLVD)  \ocror

Oy, = (Cy*Prb)(TY*PLv,)
Or = (ca*VP.b)(T0,,PLV;)| Tensor

C (Mb) !CTW()T

0.34——— *
[ Afte!r Morlond201 5

0.32} ‘ {

0.30:_ 015/ | Enhances RD,R*D/"\“
\ 3 . | |suppresses F @.
Q 0.28] 0.25 °

0.26:— M \“‘0.3‘

0.24} oo ]

022 — A e *

0.25 0.30 0.35 0.40 0.45



Summary of one operator analysis

RD RD*

Scalar operator easily

testable in LHC.

Vector operator can not

F

%

i enhances BR(B, — tVv) and
%

%

enhance F; .

ol
OO 0|00
O10|O || X

It seems not easy to enhance F}

H~ and W' are covered so far.

Next we consider the LQ scenarios
Where beyond one operator analysis is needed

*

N Tensor operator suppresses FP .
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* LQ analysis Leptoquark (LQ): a boson couples
to a quark and lepton pair



LHC bound for LQs

Q 4 LQ
e 2
q \\\ g :\\
p
LQ3 4 i q ¢ Iq
_ - " g - LQ 9 Mﬁww&w —————— P------- LQ
o SN e ///',"/ E
LQs . te
p T, 5
g LQ 9 - i LQ
ATLAS 1902.08103 CMS 1811.00806

jjtt(ccvv) search:36fb™ directly sets the lower bound on LQ mass ~1TeV

Crossing symmetry

&
JD P 2
High Py mono-t search also constrains the LQ scenario as o p g \

Cpe| < 0.32,]Cs152 | < 0.57,|Cr | < 0.16

1811.07920 A.Greljo, J.M.Camalich and J.D.Ruiz-A'lvarez
1905.08253 M. Blanke, et al.



3 types of LQs are known to explain RD, RD* anomalies

1808.08179 A. Angelescu, et al.
R, S;and Uy
(SU(3), SU(2),,U(1)y)
R,:(3,2,7/6) scalar 5::(3,1,1/3) scalar
CSZ (.ULQ) —_ 4CT(#LQ) CSZ (‘uLQ) - _4CT(“LQ)’ CV1 ('uLQ)
X. Q. Li, et al. 1605.09308....... Y. Sakaki, et al. 1309.0301........
S; with (3, 3, 1) is needed for R(K) S1— S;combination is considered
|. Dorsner,et al. 1701.08322 A. Crivellin, et al. 1703.09226

U: (3, 1, 2/3) vector UV completion is needed J.Heeck, D.Teresi 1808.07492
B.Grinstein 1812.01603

C51 (:ULQ)' CV1 (//‘LQ) Pati Salam
] . SU(4)C X SU(2)|_ X SU(2)R
R(K) is also possible SU(4)c — SUB3)c x U(1)p_1

Massive vector LQ appear

We set u;o = 1.5 TeV : LHC bound

1-loop EW, 3-loop QCD, 1-loop QED RG running is considered.
Changing LQ scale into u; o, = 3 TeV does not our following results more than 1%



R,:(3,2,7/6) scalar Cg, (,uLQ) = 4CT(uLQ)
RZ : Cs, (:LLb) — ‘052’67; | (fOI‘ HLQ = 15Tev>

“a
~ |
“a
o

0.34
0.32f
0.30]

& .28

< :

0.26

0.24} *
0.22! Cs,(1rQ) = 4CT(iLQ) ~  After Moriond2019 |
"0.25 0.30 0.35 0.40 0.45

|Cs152] < 0.57 or |Cyq| < 0.320r|Cr| <0.16
conservative bound from LHC

FP does not change a Iot!

The enhancement by Cg, is cancelled by the suppression by Cr



31 (§, 1,1/3) scalar Cs, ('“LQ) — _4CT(.uLQ); Cy, (.ULQ)
S1 :Cs, () = |Cs,] " (for prq = 1.5TeV)

Cs — —4CT(,LLLQ) After Moriond2019 |

0.34
0.32
0.30}

R 0.28?—

0.26}
0.24}

0.2 oimmmt — . ULl
0.25 0.30 0.35 0.40 0.45

FP" does not change a lot!

Cy, does not change polarization observables.



S1:(3,1,1/3) scalar Cs, (,uLQ) = —4CT(,uLQ), Cy, (MLQ)

0.34

0.34,
0.32|
0.30|

S 0.28]
0.26|

Cvy () =Cy |

=~

91

: Cg, () =|Cs,]e*" (for pupg = 1.5TeV)

0.32

’// ..\\\(-2.”,7[)
& \‘\ lo \l
:? 0.28} 0.03,0) or~~ _

"‘~~~‘ (0.11,0) or

-

-
|
-*

After Moriond2019 |

030 035  0.40 0.45

(203m) %~ i 20
0.26} £
0.24} M . . ]
FP" =F[ gy ~ 045
0.22 ; ; ;
0.25 0.30 0.35 0.40
Rp

0.45

FP" does not change a lot!

Cy, does not change polarization observables.



U (3,1,2/3) vector Cs, (1), Cy, (urg)
U Csl ,LLb ’CSl | e | (fOI‘ HLQ = 1.5T6V)
Cv1 (kL) = 0.07 |

0.34,
0.32}
0.30}

S 0.28:
0.26}
0.24}

0.221 7
0.25 0.30 0.35 0.40 0.45

FP" does not change a lot!




Summary for LQs after Moriond2019

7 P T [ 1] &

Ro LQ | [0.442, 0.447] | [0.336, 0.456] [—0.464, —0.424] | 10 data 1o data
S; LQ | [0.436, 0.481] | [-0.006, 0.489] [-0.512, —0.450] | 10 data 1o data
Ui LQ | [0.440, 0.459] | [0.156, 0.422] [—0.542, —0.488] | 10 data| | 1o data

SM 0.46(4) 0.325(9) —0.497(13) 0.299(3)  0.258(5)
data 0.60(9) : _0.38(55)  0.340(30) 0.295(14)
Belle 11 0.04 3% 0.07 3% 2%

After Moriond2019

The amplified FP", compared with the SM prediction FLD;;M is severely
constrained from LHC and Br(B, — tv) in R,, S; and U, leptoquarks

with the parameter set which explains R(D ™) within 1o of the world
average.

Then, is there any good quantity to distinguish LQ model?



Summary for LQs after Moriond2019

D* D D*
Fl P! P! Rp Rp-

Ro LQ | [0.442, 0.447] | [0.336, 0.456] | [—0.464, —0.424] 1o data 1o data
S; LQ | [0.436, 0.481] | [-0.006, 0.489]] [-0.512, —0.450] 1o data 1o data
U; LQ | [0.440, 0.459] | [0.156, 0.422 [—0.542, —0.488] 1 o data 1o data

SM 0.46(4) 0.325(9) —0.497(13) 0.299(3)  0.258(5)
data 0.60(9) : _0.38(55)  0.340(30) 0.295(14)
Belle 11 0.04 3% 0.07 3% 2%

After Moriond2019

PP is a good quantity to distinguish LQ models.
Statistical error is dominant in polarization observables.
Let’s wait Belle Il for the new data!




Back ups start from the next
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Other related observables.

* Tau polarization in B —» D™ tv process.

Prl,)SM = —0.32, PTD,;M — _051 M. Tanaka. R. Watanabe 1005.4306

Plyp =xxX, PPp.e =-0.38+0.51(stat.)+0.21(syst.) 1709.00129

et e . BaBar 1303.0571  Belle 1507.03233
- g2 distribution in B - D™ty

L %: 15.1/14, p = 36.9% D¢ -

BR(B .~

BR(BC_)]/II)”V) :)(2::6.6/12.p=88.4% : pe ], P T T e
S0 + ) f ;
R(J/Y)iuc, =0.71£0.17+0.18 ++ ++ +++H : ; :
R(J/Y)su = 0.283 + 0.048 Ur +H TEELE

R. Watanabe 1709.08644 > 2 (@ev?) "

Currently not so accurate.



The generic formula for P2" and PP

P2 Rp-\"" 9 2 2 2
5= (e ) % (|1+CVI| +|Cv, |2 — 0.07|Cs, — Cs, |2 — 1.86|Cy|
7, SM D*

— TR+ ) CE]=0:22Re[(1 4.6, = Cy(O8 ~L)]

— 3.37Re[(1 + Cv;)C2] + 4.37Re[Cy, C;i]),

D

PP ( Rp
D o SM

PT, SM RD

+4.65Re[(1 + Cy; + Ci,)(C2 + C3)] — 118Re[(1 + Cy; + cv?)c;,]) ,

e
) X (|1 + Cy, + CV2|2 -+ 3.18|C’5l 3 CS2|2 =5 0.18|CT|2



R,:(3,2,7/6) scalar Cs, (,LLLQ) = 4CT(uLQ)

0.34—
0.32}
0.30]

2 0.28]
0.26}
0.24}
0.22!

<

‘ R2 ____ After Moriond2019

0.55

0.25 0.30 0.35

D* pD
P’E 'PT

Rp

enhances PP and PP

0.40



S1:(3,1,1/3) scalar Cs, (o) = —4CT(uLQ), Cy, (,uLQ)

0.34 —
0.32}
0.30}

Q;Q 0.282—

0.26}
0.24}

0.22! *
0.25 0.30 0.35 0.40 0.45

PTD , PTD Rp

enhances and suppresses PP and suppresses P”




U: (3,1,2/3) vector Cs, (uLQ), Cy, (,uLQ)

Ui
: CV1 (,ULQ) — 0.07 After Moriond2019 :
0.32¢ i
: 05 190
0.30_' _N\L ____..Bq—-"
S 0.28] I
X U a2 i
0.26}
0.24}
02— 7

0.25 0.30 0.35 0.40 0.45
D* D
Pr Py Rp

enhances and suppresses PP and suppresses P



(+)\ _ BR(B-DW1v)
R(D ) "~ BR(B-D®MW)

SM

Theoretical point
B — Dtv is mediated by the W boson.

Dominant uncertainty from the hadronic matrix

element is cancelled.
Vcb dependence is also canceled in the ratio.

-> theoretically clean!

Nice place to look for new physics and deviation there.

Ry, = 21B2DeV) 4 04+ 0.05 Belle 1702.01521
Br(B-D*uv)

Non-trivial set up for the flavor structure is necessary.

Some hints for a new flavor structure?




Calculation of RD  vYssakaki et al.1309.0301

Generic formula

Input form factors

dl(B = D7) G|V . m2\* . ~ Dol .
( e ’)=19;|r37‘;1|% VA (q)(l— q2> x{ Hol) = His o) = Higo(d) = || *20 Fi(@)
m? 3m?
|65+ C +CL |2 Kl —T> HiA + == Hs?} .
o & 20 Hi () = Hy, (¢?) = iy (@) = T2 2 Ry (g?)
.. 12 rs2 112 Qm s2 Ve
2 2
+ 3Re[(di- + CY, + C1,)(Cs + Cg )] \T/nT_ H3Hs, || H36) =H3, () = Hy, (") = T’Z = ZZ’ Fo(q®)
q
m
-12R 6,0 CC THH, . - Ap(q?
el(dr + Cy, + Cyy) ]\/1— pAy, } Hi(¢*) = Hy ,(q°) = Hi )__nlBi(zliFT(z
2 2 2 2
(D(K)|ev,blB()) = |(p + k), MJ Fi(g )+q£’"Bq2’”DFO(qz)
2\ _ 1 2\ N 2
TOO Complicated Fi(q7) _2\,/% [(mB+mD)h+(u(f1 )) — (mp —mp)h_(w(q ))]
Rl 2) _ ] (mp +mp)? — ¢ e (w( 2))
=y fmsmp | ms +mp +We
(mp — mp)? — ¢?
B mpg —mp h(wlg ))] ’
Fr(@?) =5 e e (w(a?))




Indirect upper bounds on
BR(B, — V)

BR(B; — tVv) =1-Br(Bc the other decay) < 30% R.Alonso et al. 1611.06676

Substituting a SM calculation

Combining LEP data with inputs obtained in LHCb
< 10Y%0 A.G.Akeroyd.et al. 1708.04072

LEP has an upper limiton B, - tv + B —» tv. Combining recent result of LHCb, they got an
upper limit on BR(B, — tV).

comment: they used BR(B.=>J/Ulv)q,, as an input.




Indirect upper bounds on
BR(B, — V)

BR(BC_ — TV) =1-RrlRr the nther derav) < AN0/A & Alanen o a1 1811 06676

Charm mass uncertainty

Substituting a SM calculation

Combining LEP data with inputs obtained in LHCb
Scale dependence for

LEP has anu °

wmemic  the fragmentation

comment: they used BR(B.—>J/Wlv)sy, as an input.

1708.04072

_b, they got an
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R(D*)

Heawer H , more severe constramt
Result

@, [ [ HFLAV average Ay? = 1.0 contours
& 04 -
[ LHCbIS

035

03

025

heavier

[ I
- E I I g te r
Spring 2019 |4
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Better sensitivity for heavy tv resonances: experimentally Tv
resonance search for W’ is more sensitive to a heavier

resonance because of the low background from W- 1v.
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Current status of RD,RD* anomalies

BaBar (2012), had. tag :
0.440 £0.058 £0.042 : ] =

Belle (2015), had. tag :
0.375 +£0.064 +0.026 : T

Belle (2019), sl. tag
0.307 £0.037 £0.016

Average ]
0.340+0.027 £0.013 e

SM pred. average :
0.299 +0.003 t

PRD 94 (2016) 094008
0.299 +0.003 t

PRD 95 (2017) 115008
0.299 +0.003 T

JHEP 1712 (2017) 060 :
0.299 +0.004 *

FNAL/MILC (2015) -
0.299+0.011 -

HPQCD (2015)
0.300 £0.008
HFLAV

1 l 1 i ' | [ 1 |

0.2 0.4

R(D)
Semileptonic B tagging

1.40

New

HFLAG 2019 spring

BaBar (2012), had. tag
0.332+£0.024 £0.018

Belle (2015), had. tag

0.293 £0.038 £0.015
Belle (2017), (had. tau)

0.270 +£0.035 £ 0.0Z7

Belle (2019), sl.tag
0.283£0.018 £0.014

LHCb (2015), (muonic taue)
0.336 £0.027 £0.030 :

LHCb (2018), (had. tau)

-

0.280+0.01840.029 —Tt

Average
0.295+0.011 £0.008

SM pred. average :
0.258 +0.005 o7

PRD 95 (2017) 115008
0.257 £0.003

JHEP 1711 (2017) 061
0.260 £ 0.008

JHEP 1712 (2017) 060
0.257 +0.005 -

HFLAV

| 1 I | 1 jL

—_—

0.2

0.3 0.4
R(D¥*)

2.50



Prospects
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Slide by Kodai Matsuoka(KMI)
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http://www.eken.phys.nagoya-u.ac.jp/~iguro/IGURO.html

There are B anomalies.

Toxvozee

Our question.

Is there any model that explain /tokyoz'oz‘o.;g
D* polarization in B —» D*tv and R(D"")) anomalies
at the same time?

—p*)
(B > Diw) R(D(*)) _ BR(B-D™1v) [ =y e

)
D" — BR(B—D®M )
I'(B = D*tv)
o L e R L S S B B
e [~ [ HFLAV average Ay?=1.0 contours 7
1907.02257 & o4l ¢ * =
x [ LHCbIS :
L BaBarl2 N
035 S -
E LHCb1S i 1
2 () 03 | X =
New 5 ‘ £
Figure 1: Kinematics of the B — D*(— Dx){v decay. Semlleptonlc B taglnlig” 217 / E
- o HFLAV &
) Y i G :
FD =04 5 3 N R(D¥) = 0258 = 0.005 P =21% ]
L SM . 1 . 70 L l 1 1 L L l L L L 1 I L L L L I L L L

0.3 0.4
R(D)

; 55 0.5
FP" =0.60 + 0.09 Belle: 1903.03102 =3-8 3.10 discrepancy<,



