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Tree-level (TL) process. Large BS™ ~ (1 — 2)%.
TL processes can be sensitive to NP as well as FCNCs.
o e.g. sensitive to the charged Higgs (2HDM).

B-decays with 7 in the final state offer possibilities to study NP effects not
present in processes with light leptons.

e Hadronic uncertainties better controlled (or can bel).

Popular NP test via

__ B(B — D1v,) « _ BB — D"71v;) -
A= BE DR N NERNEE = D g~

in order to cancel/reduce theoretical uncertainties in Ve, /FFs.
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Motivation

The BABAR results [arxiv:1205.5442],

R(D)®® =0.440 + 0.058 + 0.042,  R(D)*™ = 0.297 +0.017,
R(D*)®™® =0.332 4+ 0.024 +0.018, R(D*)™ = 0.252 + 0.003,

disagree with the SM at the 3.4 o level (combining with Belle result, we obtain 3.5 ).
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“Model independent” approach

e We assume that there is NO right-handed neutrino.

Hesr describing the b — ¢ process

4G
Het = —= Vi [(

B + Cv, )Ovy; + Cy, Oy, + [ Csy Os, + i88NOs, + (€3 Or ]

1
S
SM I
Ovy =(eLy"*br)(Tryuve), Ov, = (€rY"br)(Tryuve),

Os, =(€Lbr)(TrvL), Os, = (CrbL)(TrVL),

Or = (5RO'HUbL)(7RO',WVL).

o E.g. in the 2HDM-II
Ca.= —mb2mT tan? B8
M.

which is excluded by BABAR V tan 3/my+ = the Si scenario is discarded!

NB: the pseudotensor operator is not independent of O due to the relation

CouuYsb = 7%6W,(yﬁfaaﬁb.

ous NP mo



Assuming the presence of only one NP type, we do x? fit of the combined
BABAR+Belle result on R(D)&R(D*) and obtain the constraints on the NP
Wilson coefficients:
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2HDM of type III with non-minimal flavour violation

e 2HDM III with MFV cannot explain R(D) and R(D™) simultaneously.
o Both Higgs doublets couple simultaneously to up and down quarks (in the
2HDM-II one doublet couples to down quarks and charged leptons, while the other

one gives masses to the up quarks).

['Yukawa = @;L[deieang* - Csza]dzR @;L [Yf’lt;ﬁabHZ* aF E;iHS]uiR + h.c. J

ET e
1 1
1 1
X Y
1 1
d; —>—e——r—— dy Uy —y—— Uf
d u
Efi Efi
1 L
Mgy =0aY,r + vyEy m3j = vuYi; + vdg;

° sfgm, 623’32, 512,21 are stringently constrained from FCNC processes
By = ptp™, KL — ptu” (Je| S #107°).

® €121 and €53 13 are constrained from D — ptu™ and b — (s, d)y
(le| S #107%). BUT €31 32 are still unconstrained!

o Lepton-Higgs couplings are assumed to be like in the 2HDM-II.

[Crivellin at al.(’12), arXiv:1206.2634], [Crivellin @Moriond 2014, arXiv:1405.3701]
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nstraining 2HDM-III

Ll
br(ry —>———>— CR(L)

5??5(8513)

1 ms 4 sinfBtan® B
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Allowed 1o regions from R(D) (blue) and
R(D™*) (yellow) for tan 8 = 50 and
My = 500 GeV.

[Crivellin at al.(’12), arXiv:1206.2634]

o 2HDM-III can explain R(D) and R(D*) simultaneously using a single free

parameter €35.

o Search for A°, H® — tc and t — h%c at the LHC to test the model.
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Leptoquark mode

Leg with generic dimensionless SU(3) x SU(2) x U(1) invariant non-diagonal
couplings of scalar and vector LQs (6 models)

Ly = (hlijL Qi Lz + by EiRW“ij) Urp + by Qi .oy LiLUsy
aF (hEJL uirLjir + hij @iLiUQEjR) R»
Lpd o= (Q?L Qirioalir + g% ﬂfRij) Si+ g% QsrioeaLirSs
+ (géjL dirY* Lz + 955 Qi 7"ts R) Vau

[Buchmiiller et al.(’87), Phys.Lett.B191]

T(v)  w(r)

Quantum numbers

S1 Sa Vo Ro Uy Us
spin 0 0 1 0 1 1 IJQ
F =3B+ L -2 -2 -2 0 0 0 b c
SU(3). 3= [ 3 | 3* 3 3 3
SU(2) 1 3 2 2 1 3 - RS T Y 3
U y—q-7, | 1/3 | 1/3 | /6 | 7/6 | 2/3 | 2/3 LQ=Ry"", Uy, Ug,,

3 1/3 1/3
(Sll/gv S:;/ ) Vzu/ )
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Leptoquark contribution to B — D™

General Wilson coefficients (at Mrq scale) for all possible types of LQs
contributing to the b — cTU process :

fo 91191t 931931 i hILhIT  h3ih3E

YT 9V2G RV I 2M3, 2MZ, Mgl M53
Cv, =0
&) 1 20 AR

e g e

" T 2V2GrVe | M3, MZ,
Y A o303 REind%

Ve | M, T 2,

AL 0L girgin _ h3ih3y

2V2G Ve I 8MZ, 8M3,

o We neglect O(\?) terms and keep only the leading terms proportional to V.
e In the simplified scenario with only RQ/ 3 or Si 13 LQ contribution,
Cs, (MLQ) — :E4CT(MLQ) = for Mg ~ 1 TeV, Cg, (ub) ~ :|:7-80T(Mb)

[Sakaki,Tanaka,AT,Watanabe(?13), arXiv:1309.0301]
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with only L couplings S1 with L, R couplings R with L, R couplings
4 4
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The constraints on gf?g,)Lg%f’g‘)L (S1,3) from R(D)&R(D*) and B(B — X.vD)
are consistent only at 3o level and force the couplings to be rather small.

The Us LQ scenario with h33 hir" is excluded by R(D)&R(D*) and

B(B — X.vv).

h23 h3%* (U1) remain unconstrained from B(B — X.v%) and the magnitude of
O(l) can be sufficient to explain the data.

For Ms, r, ~1 TeV, one can have gi7 gi%, hat hazn ~ O(1).

The other V> and U; LQ scenarios with L, R couplings are disfavoured as in
the 2HDM-II.

lu Vietnam 2014



MSSM with R-parity violation

1 c c
*)\UkLzLJEk ol >\17AL1Q]DI€

W —
RPV = 5
3 1% / 1%
A3j3A s _ A33A3%5 _
Lo’ == > Vax [—;2 P2 @Lbr) (Trve) + = (eLTh) (PRbr)
k=1 @ a7
3 1% / 1%
Azj3Njks — 33jA3kj — -
>0 Vi |2 @b ) 4 () ()
j,k=1 m[j N——— /™ md~j
L 0s, R oy,
TRy 125 g7 U Th
by, ~ dy R
bp —>———cCL by —r——— 7%
Var Nk 535
The corresponding Wilson coefficients are
3 * 3 *
oy = 1 \ A333ATk3 b\ 3 1 3 53 A3h;
1 WS nE 2R SEEO) N N~ 2hEmews -
2V2GrVar 52, 2 2V2GrVey 52, &,

[Tanaka,Watanabe(’12), arXiv:1212.1878]
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Testing k& MSSM

The largest effect on R(D™)) is obtained for

P lings f =¥): g
fF ¥ couplinggor £ B™P(B — X.7) < 6.4 x 10~
3 ’ 1% [ALEPH(’00), arXiv:0010022]

CRMSSM ~ 1 335 \32j

Vi i 2\/§GF‘/cb = 2m§§%

03F
The same RPV couplings appear also in the _
NP contribution to b — svw: oy
B
4GF « [ ~(SM) 3
Hor =—=VaVis [C5Y) + 01| 01 T3

< \/5 4 " DEQ -01}f Br(B-{Xsyv)
Or =(507"bL) (VLyuveL) -0z
3 / 1% 0.3L
CziMSSM a“ 1 33532 ~02-01 00 01 02 03 04
~ = 5
2V2G PV Vs = (. Re) Nasiloj]

[Tanaka,Watanabe(’12), arXiv:1212.1878]

e MSSM with RPV is inconsistent with both B — D™*) 7% and B — Xsvv at
the same time.

o LTV involves the interaction which induces LFV = one can have v with

flavour different from 7. In this case the conclusion remains same.
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Conclusions

@ Not only FCNC loop processes can provide a window to NP search. Tree-level
decays are as good and often even more interesting, especially when the
hadronic uncertainties are well controlled.

@ Excess in B — D77 and B — D*70, observed by BABAR and Belle, helped
discarding 2HDM-II.

@ 2HDM of type III with MSSM-like Higgs potential and flavour-violation in the
up sector can explain these deviations from the SM.

@ Some of the leptoquark models can also explain the observed discrepancy in
R(D) and R(D™) and can provide quite good constraints on leptoquark
couplings which are allowed to be ~ O(1).

@ MSSM with R-parity violation is not likely to be consistent with both
B — D77 and B — X.v¥ at the same time and therefore is disfavoured.

@ More precise data that will be given in a future super B factory experiment
will allow us to identify the relevant NP operator(s) and test some particular
NP models if the deviation from the SM persists.

Rencontres du Vietnam 2014 77 in various NP models



BACKUP SLIDES



How to distinguish between NP scenarios : various observables

e R ratios (to be improved at Belle IT)

%)\ _ B(B—D™Mrm)
R(D( )) ~ B(B—»DG)w)

o 7 forward-backward asymmetry,

App = o dcosﬂdcosg f 1 78spdcos® [ bp(a®)da?
fil = dcosG r
cosO

2 -
m :ag(q2)+bn(q“))c050+69(q2)c0520 B 0 D)

14

e 7 polarization parameter by studying further 7 decays,

P — DO-=1/2)-T(\;,==1/2)
T = T(A-=1/24T (A =—1/2)

e D* longitudinal polarization using the D* — D decay,

_ T'(Ap* =0)
Pp« = F(AD*:O)-Q—F(ADD*:I)-Q—F(AD*:—U
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correlations (illustration)

How to distinguish between NP scenarios :

Applying the constraints on Cs, or Cr from the x? fit of R(D)&R(D*) at 30 level,

T polarization D™ polarization
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[Sakaki,Tanaka,AT,Watanabe(’13), arXiv:1309.0301]

Measurements of these observables in addition to more precise determination of
E(D(*)) are the key issue in order to identify the origin of the present excess of
B —» DW1w.

BUT this is NOT an easy experimental task ®

77 in various NP models
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Exploring the ¢* dependence for the NP search

dB(B — D<*>r?)/dq2 [BBR(’13), arXiv:1303.0571]
ﬂﬁw L 111
: o S i)
BT T T T
g ++++++ H% g ++++++ ﬂ% g ++++++ ﬂ%
g (CW“)m - 5 ¢ (GeV?) o 5 el (cpvi)'"

o To reduce the FF uncertainties, one can explore the ¢?-dependent ratio
dB(B — D™ 17w)/dg?
dB(B — D™")(p)/dq?

o For our convenience, to remove the divergence of Rp at ¢> =

Ry (d?) =

and the phase space suppression of R ) at q> ~ m?2, we introduce

R (q?

R (q°

) =Rp(q") X

) =Rp+(¢°

Ap(q°

)
(m% — 2D)2
1

RN

X<1_

m;

q2

5

T Since the p-mode is supposed to be SM-like, B c

s du Vietnam

2014

o< (HY) "2 o A5 (¢2).
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[Sakaki,Tanaka,AT,Watanabe, in preparation]




Complementarity of the B — X vv process for constraining L.Q models

Hes describing the b — sv;7; proce
4GFr o (SM) i3\ ~id i5 yid
Herr = W‘/tb‘/ts [(6ich + CL) o7 +C¢ OR]

07 = (Bu7"bL)Tiryuvin), OF = (SrY"bR) (5L Yuvir)

o In the SM,
@

oM _ X(m2/MZ), W =g
e 27 sin? Oy (my /M) %
e 51,3 and V3, LQs give the following contribution to b — sv;v;:
ij Ves ggingi*

Y 2.2
2 i 2 5 &
ol — Ves BrLary 935957 h3thay

= + =
E 2V2GFVy: | 2ME, 2M3, Mg,

e For simplicity, after the rotation of the down-type quarks into the mass
eigenstate basis, we neglect the subleading O(\) terms and keep only the
Vis V2 ~ 1 terms.

[Sakaki,Tanaka,AT,Watanabe(’13), arXiv:1309.0301]
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Distributions (simple yet long formulas)

The studied distributions are given by

dr' (B — D1v) |Vd,\2 m2\*
g2 ~102m ADIP LS <5 | X

2 3m?2
1+ Cv, + Cy, |2[<1+F)H‘/0+ ”; Hy, ]

3 g am2\
+ 518 + O > Hg® + 8| Cp | (1 4 )HT2

mT

Ve

HTHVO}

+3Re[(1+ Cv; + Cw, )((Cs, +Cs)]—= H3Hv,

m+r

v

—12Re[(1+ Cv, + Cw )|C7 ]

where H; are the helicity amplitudes,

Hi(¢®) < (D™]0:|B)

[Sakaki,Tanaka,AT,Watanabe(?13), arXiv:1309.0301]
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Distributions (simple yet long formulas)

The studied distributions are given by

dr(B — D*17) _ |m| m2\*
k i
a2 = 192m%m Ap+(¢?) 2 ) "
3m;
o+ B [(u 2 ) (b + i+ ) + 57

* m72' 2 3m7’
—2Re[(1+ Cv; ) Cy, ] || 1+ 20 (Hv,0+2Hv+Hy,—) + 2q—HW

3 2m?2
+5[Csy - G831 ° Hs + 8/Ca” <1+ ; )(H%,Jr‘i‘H%,—‘FH%,O)

+3Re[(1+ Cv; —|Co))(ICEH - I 2= HsHy,

V&

(Hr,oHv,o+ Hr+Hy,+ — Hpr_Hy,_)

mr

Ve
mr

\F (HroHv,o+ Hr,+Hy,- — Hr,_Hy ;) }
q

—12Re[(1 + Oy, ==

[Sakaki,Tanaka,AT,Watanabe(’13), arXiv:1309.0301]
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Helicity amplitudes

B — DTv (3 FFs) :

S S S A 2
H30(0®) = Hiyo6®) = Hiy ola®) = | 225 R ()
Hy(6%) = HY, 4(0%) = Hiy0(q%) mp =~ mb (¢°)
V.t =11y, ¢ = 11y, ¢ 5 T 0
q
Sy s 2 s 2 m% T m%) 2
Hs(q):Hsl(q):Hs2(q): My — e FO(q)
S S S AD(q2)
HT(Q2) EHT,+7(‘12) = HT,Ot(q2) = _MFT(QQ)

with hadronic amplitudes defined as,
HyY, (0%) =5 (0) (M (Aw)[er” (1 F 75)0(B)
H3M, \(q%) =(M(Owm)[e(1 +5)b[B) ,
HpM \ (¢%) =2/ (Nes(N) (M(Anr)[eo™™ (1 = 75)bB)

where Ay and )\ denote the meson and virtual intermediate boson helicities in the
B rest frame respectively.
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Helicity amplitudes

B — D*7v (7 FFs) :
Ap=(q?)

2N + 2 2 2 2
Hv+(q") =Hy, +(¢°) = —Hy, £(¢°7) = (mp + mp=)Ai(¢") F ey V(g™)

mp + mp=

QTI’LD*\/qi2

Hv,o(q") = Hvy 0(¢%) = —Hv, 0(¢°) = [~(m% —mb- — ¢*)Ai ()

Ap=(q%) 2
(mB + mp~) Az(q )]
(@) =HO s B0, () = - %@Aomz)
Hs(a) = H3, () = ~H8,() = —#Z?Ao(q%

1
Hr+(d®) = £ Hf 1,(¢%) =

[:I:(mB —mp)Ta(q®) + vVAp(¢®)Ti(q )}

Hro(¢’) =Hy 4 (¢°) = Hy0:(¢%) =

%

[—(m% + 3mb — ¢*)Ta(¢%)

A0 (¢) ()|

2
mp — Mp

2mD*

Jr
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