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Motivation

Goal: Search for the effects of a physics BSM by comparing the
SM predictions and the measurements

Hadronic matrix elements of the weak Hamiltonian (sources of
the uncertainties)

Study the processes induced by c—s { Vv transitions, hadronic
uncertainties under the control (in lattice QCD)

New lattice calculations (Fermilab Lattice, MILC, Lattice

HPQCD), precision about 0.5% in fps, calculations of shapes of
functions f+(q2), fo(q2).

Awaiting the new measurements (Belle Il, BES Ill, LHCDb)




Effective Lagrangian setup

Effective Lagrangian:

AGp _ ., £) (¢
Lepr = — /2 V. Z Z (f )O‘g/ ) + H.c..

b=e,u,m 1

Oy = (sPuwe) (7ePl)

Wilson coefficients - flavor dependent and complex, in general

Pseudoscalar coefficients cp¥=cr®-c ¥ affect Dy £V, D— K* v

Scalar coefficients cs¥W=cr¥+c ¥ affect D K {v




Wilson coefficients of pseudoscalar
operators (in Ds—4v and D—K*(p){ V)




Ds—{v

Definition of fps:
(O[s7,75|Ds(k)) = fp, K

Pseudoscalar density matrix element:

ID. mD
(0[$7ys5¢|Ds(k)) =
Me + Mg
Branching fraction modified:
2\ 2 2
mDs my 2 (1 1 5(0) 2 2 (&) "Ds
B(Dg — ¢ G ) Lo|“mE|l — ¢
( — Vﬁ) st( ’ngDs) F(l+ em)lv | My 1 Cp (‘772-C+‘7713)7n[

with:
fp. =249.0(0.3)(F1':)MeV  Fermilab Lattice and MILC, 1407.3772 |

Measurement: Belle, 1307.6240 |

(5.7 +£0.21703H)%, Dy — Tvy,
B(Ds — lvg) = < (0.531 £0.028 £ 0.020)%, Dg — puy,.
<1.0-107%, 95% C.L., Dy — ev,.




Ds—{V
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D—oK*(p) Vv

The parametrization of the PV matrix element of the V-A
current:

_ 2iV(4%) wvja € - qq"
(V(K', €)|57.(1 —5)c|P(k)) = €uvas —rEp— eV k®k P — (mp +my)| €, — 2 A1(®)+
(k+k'), mp—my 9 ~ e-qq” 9
e q(mp + my - q° Ue | A2(07) = 2y q Aola),
. mp + my 9. mp — my ‘ ,, _
Ag(qz) = Sy Al(qz) _ ST Ag(q-?)’ A3(0) = AO(O)
I, _ 2my e - 5.
Pseudoscalar density: (V]syse| P) = =—2 49(¢?)
M. + Mg
. . Gr. .,
Ampl |tUdeS. -/M)\c,/\w — \/§Vcs Z 77/\\-\*[‘/\&,/\\&' H/\.-\! AW
A“r

with hadronic and leptonic helicity amplitudes:

Hyyaw = €(Aw ) (My(prr, s Aty )| JE | Pi(pas )

Ly, pw = €u(Aw ) {€(pe; Am, )| T, |0)




D—oK*(p) Vv

Maodification in the presence of the pseudoscalar coupling

2
H 1O 9 _\H
t_>( P Ing('rnc—}—m.s)) ‘

Longitudinally and transversally polarized K*:

dl’ . o. m2\ 2 3m?
— =N ((12)<1 - _;) [(1 TS)|H0| = [|Ht| ‘

Iy

R = —
L/T = T

dl’ m2\ 2 m?2 . :
G =N (1-7F) l(l+ﬁ)(|H+|z+|H_|2)]
Current PDG average for D—=K*utv: R,/ = 1.13+0.08

Form factor ratios extracted by BaBar (201 3)

V(0)/A1(0) = 1.463 + 0.035

A5(0)/A1(0) = 0.801 £ 0.03 BaBar, 1307.6240

A1(0) = 0.6200 =+ 0.0057
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D) K*(){ v

To estimate the allowed contributions, use
A3(0) = Ap(0)
and assume single pole parametrization of Ao(q?).

1.0_1"" ----------- O

Current constraint is weak.

Precise knowledge of FFs, including Ao(q?) needed.

D)LV easier on lattice HPQCD, 1311.669 |
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Wilson coefficients of scalar operator
(from D—K{ V)




D—KZV

The matrix element

2 2 2 2
(K (K')|57,c|D(k)) = f+(q°) ((k + k), — 22 - s qp) + folg?) 2L - "K g,
Scalar matrix element
(K[5c|D) = "D £ 02
| Me — M, 0id
Helicity amplitudes D—Kdv:
o VAmDH,mi,q%) ., o 2 0 ¢ my, — mi
ho(q”) = NG (@), hilg”) = (1 Ly rr— N fo
The decay rate:
2
dr®) G2 | 2 2 m2 m2 3m>2 o
dg? - Fg|67r3!m|,22|q ( - %) [|h0(q2)|2(1 + ;—;Z) + %Vh(qzﬂzl

Measurements (PDG averages):

((8.83+0.22)%, Dt — K%ty,,
(9.2 £ 0.6)%, D+ = Ku*y,,
(3.55+0.04)%, D°— K—etv,,
(3.30 £0.13)%, D°— K- ptv,.

B(D — Ktvg) = ¢

\

(¢°)
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D—KZV

The matrix element

2 _ .2 2 _ .2
(K (K')[57,¢| D(K)) = f+(q2)((k+k')u - =K ) + fol@’) =2 g,
Scalar matrix element
(K|selD) = "B £ (02)
Me — M,
Helicity amplitudes D—Kdv:
A(m4,. m2 . g2 . O
ho(?) = ¥ (m&g" D1, (¢), hlg?) = (1 +9 T DK v DK iy,
Decay rate:
a9 _ G|VesPlale® [, m? 2 , ~
dg?2  96m3m? 2 ho(47)° 5{: oof
Measurements (PDG averages):
((8.83+0.22)%, Dt - %
o )02£06)%, DF— :
B(D o E) = (3 25+ 0. 04)(7’ D" — —c'w "1 oo o oz o3 Toa o 'o'é
((3.30+£0.13)%, D° —  Ree™)




dI'*/dq* (ns™! GeV~™?)

D—KZV

Testing the Lepton Flavour Universality (LFU) of charged
currents

120 ———————————————————————————— :
sor 115F
: 1.10F
60 -
i ~ 105F
o -
S ¢
< 100
40 =
I K g5
ol 0.90
085
0 — 0.80
0 04 0.6 038 1.0 12 14
2 2
q-1GeV~]
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D—KZV

Forward-backward asymmetry in angle 0/

a’T" p 2 p 2
d2dcost; ag(q”) + be(q”) cos O + ce(q”) cos” b,
A0 (2 = fol j;rc;:ogo)dcosef fol gq‘{;c)(ge)dcos Oc B be(q°)
rpl0) = 0 [dg () T IO (@)AP
2y _ _GhlVallalg® (| m?)"m
by = — = ]—— £ 2Re(hoh?
f(q ) 128”r 772D q2 qQ e( 0 t)
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DKLV

Transverse muon polarization in the process D*—K%*v
(probing imaginary part of the pseudoscalar coupling)

PJ(_“) _ :A(g')|2 — |~A(—§')|2

A3 + JA(=5)[ §= (P xPe)/|Px * Pel

T— —

v o B
P o €uvag s" Pk pe Py -

st = (0,pk X pe/|pK X Pel),
AE)? = |AS ) |2 + |AS]? + 2R(ASAs) T,

IR(A%y As)E oc T,
T+ = E(ph +pp) Y (1 — 7 )1/] X [17(1 + ’*,"5)€i],

A2 — |AT|? = 2R(A5y As) T — 2R(AS)rAs) ™
X fpuaﬁs pAp[ pVSR(ZC([))

v Y ¢
—€waps PP rE S ().




D—KZV

In terms of helicity amplitudes

Pi#)(QQvEu)

~1
( > ) k(q%, Ey) Im (ho(q®)hi (%))

dg?dE,
Averaging:
poy _ LU PG B, it
[ dq?dE, 757
allowed: cd) ~ 0.1 (P ~ £0.2

*) This observable was measured in K*—=11% (1t * v by experiment KEK-PS-E246, Phys.Rev.D73 (2006)

072005

19



Conclusions

Several interesting observables could be probed experimentally to
further constraint NP

Deviations are allowed and should be searched for

Needed: New precise measurements of the g? distributions,
forward-backward asymmetry for muons, transverse muon

polarization in D—K{ v and the ratio of longitudinal and transverse
polarizations of K* ()

Precise calculations of D —K*(){ v form factors required.
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Appendix (hadronic helicity amplitudes)

He (@) = Y20 ™0 8) y oy L (4 my) (@)

mp + my
1 Mm%, m?,,q?%)
Ho(a?) = n 2 _ 2 _ o2\ A (a2) — Py My 07 g 02
0(q) zmv\/(?[(mp my)(mp —my —¢°)A(q") — == = Aa(q7)
2 )‘(mQ m2 q2)
Ho(a?) = |1 — ¥ g VAm$, mi, An(a?).
t(q ) [ Cp mé(mq+mq) \/q—2 0(q )

|
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