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

o 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 be!).

e Popular NP test via

__ B(B — D1v,) « _ BB — D"71v;) -
A= BE DR\ 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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http://arxiv.org/abs/1205.5442v1
http://arxiv.org/abs/1303.0571v1

© Test of some New Physics models
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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.
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Constraints on NP f

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

Ly = Qf YfieaHy" — e§ Hildin — QL [Yfiean Hy' + € Hiluir + hec.
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Allowed 1o regions for tan 8 = 50 and
My = 500 GeV.

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

2HDM-III can explain R(D) and R(D*) simultaneously using a single free
parameter £3s.

[see the talk of A. Crivellin]
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http://arxiv.org/abs/1206.2634v2
https://indico.cern.ch/event/253826/session/5/contribution/60

Aligned 2HDM
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-tension between Dy leptonic
decays and R(D*) and B — 7.

o
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[Celis at al.(’13), arXiv:1210.8443]

A2HDM can explain R(D™)) and B — 77 simultaneously. However, the resulting
parameter ranges are in conflict with the constraints from leptonic charm decays.

[see the talk of A. Celis]
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http://arxiv.org/abs/1210.8443
http://indico.cern.ch/event/253826/session/5/contribution/61

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)  v(r)
Quantum numbers
S1 Sa Vo Ro Uy Us
spin 0 0 1 0 1 1 LQ
F =3B+ L -2 -2 -2 0 0 0 b c
SU(3)e 55 55 55 3 3 3
5U(2) 1 3 2 2 1 3 g o Y
UM)y_qg_7, | 1/3 | 1/3 | 5/6 | 7/6 | 2/3 | 2/3 AR Uh{dx U3,£$

3 1/3 1/3
(Sll/gv S:;/ ) Vzu/ )



http://www.sciencedirect.com/science/article/pii/037026938790637X

Leptoquark models

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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http://arxiv.org/abs/arXiv:1309.0301

Leptoquark moc

S1 with only L couplings S1 with L, R couplings R with L, R couplings
4 4
LQ,: Cq=+7.8C Wi
-

Imigf oft']
o
Im(g 61
Imihgng)
°
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Refgfoi?] Relg{ g% 1 Refhgi h3%1

AR 0 4

o 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.

o The Us LQ scenario with h33 his" is excluded by R(D)&R(D*) and
B(B — X.vv).

o h33h33%* (U)) remain unconstrained from B(B — X.v7) and the magnitude of
O(1) can be sufficient to explain the data.

o For Ms, r, ~1 TeV, one can have gi3 gis, har hasn ~ O(1).

o The other V5 and U; LQ scenarios with L, R couplings are disfavoured as in
the 2HDM-II.
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MSSM

with R-parity violation

1 C c
Wgrpv = EAIJkLlL]Ek + AiykLzQ]Dk
3 1% / /%
A373 A3 _ A33j A3k _
Ly =— Z Vak [7&2 I (2LbR)(TRVL) + 7”]2 37 (CLTICQ)(V%:bL)]
k=1 @ a7
> )‘3j3)\323 - = {%:ij :/;7;3‘ — —
=-— Z Var T(CLZ’R)(TRVL)‘FW(CL’Y br)(Tryuvr)
o i S———— 75
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bp ——>——>—c b, ——>—————— U}
R ¥ L L : VR
2kA\jL3 33j
The corresponding Wilson coefficients are
3 * 3 *
e — 1 A A3j3AThs NN 1 = 53 A3h;
Tor 3 ) I
2V2GFrVe, 52 2m,§£ 2V2GrVey 52, 3;‘2

[Tanaka,Watanabe(’12), arXiv:1212.1878]
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http://arxiv.org/abs/1212.1878

MSSM with R-parity violation

The largest effect on R(D™) is obtained for
RPYV couplings for k = 2:

3 / 1%
ORMSSM ! 3351325
2V2GF Ve, = 2m2,
7 dp

The same RPV couplings appear also in the
NP contribution to b — svw:

4G R SM)
Heﬁ—fvtbvts[c +c}0
Or =(GELy"bL)(Tryuve)
3
CRMSSM 1 Z 33]2/\327

Z\fGFthVtsj 3 md%

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

e MSSM with RPV is inconsistent with both B — D™ 7% and B — XU at

the same time.
° LRPV

B™?(B — X.wp) < 6.4 x 1074

[ALEPH(’00), arXiv:00

10022]
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involves the interaction which induces LF'V = one can have v with

flavour different from 7. In this case the conclusion remains same.
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http://arxiv.org/abs/1212.1878
http://arxiv.org/abs/hep-ex/0010022

© Probing New Physics in angular distributions
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Angular distributions

Study full angular distributions and find quantities [Belle (ISR aiR D)
that are (a) sensitive to NP and (b) partially or
completely complementary to dI'/dg>.
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§iE8EEE
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Events / 18 degrees
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]
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£

cos 0, "l (degrees)

[BABR(’08), arXiv:0705.4008]

) o0
Belle and BABAR had already studied 4 separate IR s
1D distributions in ¢, cos 6y, cosfp and x of light S ol SR EN. N
lepton mode from which the hadronic FF x V., were 2o e =
extracted. However, =0l . [
@ Only SM contribution was assumed! o ' cost
10000 (@ 8000 - -y @
@ = Some terms were omitted, as in ol L bt e
[K6rner,Schuler(’90), Z.Phys.C46]. §%° e ‘*;%m
2 4000 - 2
e = Redo the full angular analysis w/o assuming ————— m%
validity of the SM. 070 26 9z 0z 08 ho o e
costy, X(degrees)
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http://link.springer.com/article/10.1007%2FBF02440838
http://arxiv.org/abs/1010.5620v1
http://arxiv.org/abs/0705.4008v2

NP in azimuthal observables and CPV triple products

The full angular analysis of B — D*77 has been recently done in
[Duraisamy,Datta(’13), arXiv:1302.7031], [Duraisamy et al.(’14), arXiv:1405.3719]. For
comparison with our operator basis on p.6 please note

gva=Cyv, £Cv;, gsp=Cs, £Cs,, TrL=Cr

Some of the conclusions from arXiv:1405.3719, 1405.3719

o 2 of 3 CPV triple products are only sensitive to vector/axial vector NP and do
not depend on pseudoscalar NP.

@ One can use the triple products to search even in e and p modes.

o Azimuthal asymmetries, integrated over ¢, have different sensitivities to
different NP structures hence becoming powerful probes of the nature of NP.

In particular, these observables turn out to be very efficient in discriminating
between the two LQ models.
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http://arxiv.org/abs/1302.7031v3
http://arxiv.org/abs/1405.3719v1

NP in b — ¢fvy: another “model independent” approach

Using the operators of higher dimension, the process b — cfv, can be described by
the general effective Hamiltonian:

G . .
Heog = TZVCb (A4 gv )eyub+ (=1 + g4 )eyuysd + [g51i0, (cb) + JGENiO. (Csb)

g0, (cio .. b) + [gaslio. (Cio . v5b) ] (A" (1 — s )ve)

2 2
v 1 v
~ O 0
gV,A (A2NP) 9’ gS,P,T7T5 v (A2NP)
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1. 6, distribution : Forward-b

d°T 2 2 % %
dfdcos O = a0,(q") + bo, (q”) cos O¢ + co,(q") cos” by
2
A(Z) (q2) fO dq?'dcos@gdcos o/ f 1 dqzdcosegdcos Oe b()/ ((] )
FB d2r dP d 2
f 1 dq2dcosegdCOSGZ / q
0.4 0.4
B2 | 97=-042+015 02 | 9r=-042+015i
“Q 0.0] / f\g. 0.0
5, 8
< -02 £ -02
-04 —04
-06 -06
4 6 8 10 4 L 6 7 8 9 10
o [Gev?) ¢ [Gev?]

[Begirevié,Fajfer,NiSandzié,AT,

in preparation]
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. full angular distribution

The full angular distribution is given by

2
d*r 3GZL| Ve mj
= 1 v/ Ap*(q?) x B(D* — D7) x
dq2d cos 0,d cos O pdx 256(2#)4m‘°j’3q q? p+(4?) ( ) {

2
HL|? + |H_|?] <1 + cos® 6, + Z—L; sin® 0@) sin? 0p + 2[|Hy|* — |[H_|*] cos 6, sin® 6

2 (.2 mj 2 2 2m} 2
+ 4|Hp| sin® 0, + —5 cos 0 | cos” Op + 4|Hy| —5 cos 0p
q q

— 287 (Re[HyH" ] cos2x + Tm[H H" ]sin2x) sin® 6 sin” 6p
- ,8? (Re[HyHy + H_H{]cosx + Im[H Hj — H_H]sinx) sin 26, sin 20p
mg
2

— 2Re |:H+Hg - H,Hg — (H+Ht* + H,H:):| cos x sin 0 sin 20 p
q

—2Zm

2
HyHy + H_Hj - % (HyH} — H,H,f)} sin x sin 0 sin 20

+ 8Re[HoH[]

my 2 2 mj I, -
) cosfgcos”Op o, Be(q”) = 1—q72» H(q") =" (D" (e)|Ju|B)

In the SM, the Zm-terms = 0 and therefore were omitted in the analyses of Belle

and BABAR. But if there are NP complex phases, these terms could be important
and interesting to study.

[Be¢irevié,Fajfer,NiSandZi¢,AT, in preparation]
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2. x distribution

T = (@) + B cos X+ 3 (¢°) sinx + ¢ (07) con 2+ (¢°)sin 2x

o b7°(¢%) = 0 unless there is interference with (D7)s amplitude.
o ¢ (¢%) =0 in the SM = ¢ (¢*) # 0 would be a clear signal of NP!
e 2 NEW NP-sensitive observables (independent of pseudoscalar NP!)

£ 2 Cx(qz) Y 2 cx(qz)
CO-@ KO-
0.10
0,05,
0.00 002
;gi -0.05 'ZE 0.00
> -0.10 & -0.02
-0.15 _oo4
~020 ~0.06|
L T e e TV

o [Gev?] o [Gev?]

[Betirevic,Fajfer,NiSandzi¢,AT, in preparation]
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Ax, (%) = dl'/dg* (A, = —1/2) — dT'/dq*(\- = 1/2)

dr/dg?

g J 8 10
o [Gev?]

[Betirevié,Fajfer,NiSandzi¢,AT, in preparation]
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Sensitivity summary

observable qv ga gp gr
B T
observable | gv gs gr B - x * S B
B ok — ok R(D*) * - * * %
B * | kkk | ok AE;%, *hkx | kkKx - * % %
R(D) — xS Agg R R * K *
A%z)z - * - A(;) - - * Kk k =
A%T])g | C;(u)/a(u) _ _ _ *
A;T) = * % = c;(T)/a(T) = = * % *
’ c;(“)/a(“) * kx| KKKk = * * *
cf(m/am * kx| KKKk = * & x ok

The number of % in the tables represent

o the strength of the constraints obtained from the B’s and R’s measurements,

o the sensitivity of asymmetries and angular observables to particular couplings.

A. Tayduganov

KM 2014

Search for NP in semileptonic B de




Jonclusions




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*77, observed by BABAR and Belle, helped
discarding 2HDM-II.

@ Some of the leptoquark models can 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).

@ More precise data that will be given in a future Belle II experiment will allow
us to identify the relevant NP operator(s) and test some particular NP models
if the deviation from the SM persists. Various angular distributions and
asymmetries could be very helpful for testing NP signals.

Search for NP in semileptonic B d



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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How to distinguish between NP scenarios : correlations (illustration)

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

T polarization D™ polarization

0.6

0.7, ﬁ
0§ / oS /

SM »
05 04
5. 54 e
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02
02
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203 04

05 06 07 -06  -04 -02 00 02
R(D) PO

[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 ®
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Exploring the ¢* dependence for the NP search

o To reduce the FF uncertainties, one can explore the ¢?-dependent ratio

dB(B — D" 7r1)/dg>
dB(B — D™)(p)/dqg?

Ry (q°) =

o For our convenience, we introduce

R (q%) =Rp(¢?) x % g (1 i mi)Q

(mp —m
2
=

T2

Rp-(¢*) =Rp-(¢*) X ( ZL) 3

Bellell, £L=10ab* . Bellell, £L=10ab*
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[Sakaki,Tanaka,AT,Watanabe, in preparatlon]
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