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Motivation

Experiments and methods

Pseudoscalar decays: D — P/v (P=K,tn...)
Vector decays: D, — Viv (V=K*p, ¢, ...)
S-wave systems

Conclusions
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Motivation S

Understand (by measuring) non-perturbative QCD

Expressed in terms of
(for semileptonic decays)

Computed by Lattice-QCD

Qutcome:

e Validation for the B sector
(avoiding fake New Physics hints!)

e Study of JP=0* states (S-wave systems) in a non-hadronic
environment

HQL 20127 )~ 'A. Oyanguren
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S NPEY Methods

@ \|1(3770)—>D_D e FOCUS: Reconstruct the D*—Dr, and the D in the
semimuonic channel (or D—Knpv,)

e CLEOc &

- Tagged: Full reconstruction: one D in a hadronic
channel, the other in the semileptonic
channel (only the v is missing)

- Untagged (CLEOC): lepton + hadron from the D,
E.iss Of the event = E,
e BaBar: Partial reconstruction of cc events, the
(untagged) D*—D= and the D in the Kev channel
(or the Dy —Vev, ). D, direction and E,
from the rest of the event

e BELLE: Full reconstruction of cc events including
(tagged) hadronization particles, one D into hadrons,
the other in the sl channel, only v is missing

HQL 20127 . A.Oyanguren -,_S7) =" % $ 5



e Cabibbo favoured D—K/v and
suppressed D—nlv

e Only one form factor in the
differential decay width f.(g?):

DPev YRR

e Known angular distribution
— sin?(0,)

Vcs, Ved Y/ +

D0
d]: : ||q12|j: '

dg? 2473

-

7] 7]
a%=(Pp — Pp)? = (P, + P,)?

66—

e New Lattice QCD computations:

T l T T T T 1 T T T T [ T T T T ] T T T T [ T T | T T 7T T [ T
- l— 11 ensembles of full QCD lattice data (stat. errors on]y)l

2 } D — KIv form factor shape —

4
T ] T

f.*(g2)

(¥5]
I

£(¢")1£,0.10 GeV?)
I
FLG)/f,(0.15GeV)

FNAL and MILC

: | — 11 ensembles of full QCD lattice data (stat. errors only)‘

f.m(g2)

s+ D — mlv form factor shape

FNAL and MILC

arXiv:1111.5471 'C arXiv:1111.5471 ]
()_']'S-l 11 | l | - J 11 1 | 1 11 1 J 1l 1 1 1 -] I ) - l L1 1 I- 0 I : ()IﬁJ : ll I — I llﬁl : — ’I) — l I'Ylﬁl — L —
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 - 2 2 o ;
qzchVE) q (GeV")
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Simple pole
fo(q?) f4-(0) Model prediction:
+197) = 7 D—K mp.=2.112 GeV/c?
m2 0 Do mp. =2.010 GeV/c?
Modified pole
2\ f—l—(o)
f+(@7) — P P
1 — 2 11— apolemT
D¥ D¥
ISGW?2
)
ISGW2 J+ (Qmaa:)
A 5  D—K Don

Series expansion

F(t) =

t=0°

(14 ar(gRaz — %))

Model prediction:

~ 0.1 GeV-=2

Form factors VRN

Pole dominance: D%

Lattice computation:
D—K ay0e= 0.50(4)(7)
D—rx Opole™ 0.44(4)(7)

No model predictions

r, =a,/a,
r, =a,/a,

HQL 20127



DPev YRR

(Analysis with ~ 1/7 BaBar stat.) (Analysis with ~ % Belle stat.)

@ B-factories:

PRD 76 (2007) 052005 PRL 97 (2006) 061804

20000 M
75 fb-1 BABAR} % wf DO = ey | | hadronic bkg
\ @ Data ] S a0 |
| . MC S f B Klv bkg
b 3 Signal | 30 |
. 15000 - | -;Eiing?? bk - £ ok 126+ 12 “H MC Kwplv bkg
L : on-peaking o bkg |
> 8 BE bk | 10 —281 fb-1 }]{ HH{H
2 : | g _ : st dﬁi.. Hhi_ti m ifl H“i_ +
10000 - Peaking ec =46% : o 45'12_
: LonpeckngeessTE L1 g 42 DO muv i‘ 106 + 13
A I - 2 25 b
5000 [ [ 73980 | | ¢ 2| - | H{”l”h
i 10 | =y Tl i fy
DOSKLy | ] Swvaerm AL
i i -1 D.5 1
0 - [T e B ——— ) 2
0.15 0.2 0.25 0.3 m,? / GeV

sm (GeV/c?) = (mD*-mD?)
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U= Emiss — |ﬁmiss| (GeV)

HQL 20127)

@ threshold:
e NEW results from BES Il (1/3 total stat.):
3;‘540 -0.9fbt BES Ill Preliminary
3000— - Nsig = 18460+/-143
| D—Kev
-0.1 0 0.1 0.2
g”’”:‘o.be'l /' BES Ill Preliminary
%sou_— —|—_[_
400— Ngig = 1677+/-45
200 - 1 - D __,’_T[ eV
617 0 040z

A. Oyanguren

AT /0.5 Geve/c4 (ns—1)

DH._

e CLEO —c also reconstruct the
D+ —(n,n’)ev, using tagged
and untagged (GR) methods

PRD 84 (2011) 032001

i + CLEO —c  ® Tagged

" — '_}___' il ngit

el :::*'i'::

! g1g pb oo




D—)_

e Results on form factors:

2.5 LU | LU | LU T T LU L LI L LML -;
| | ]
| - | | . o pe
- DoKW - Simple pole  Modified pole
N -
2 — lattice QCD [Fermilab/MILC, hep-ph/0408306] I . - « xr/.9
i + experiment [Belle, hep-ex/0510003] : ] D — Kfv Expt. Mpole (GeV/c”) gk
B m  experiment [BaBar, 0704.0020 [hep-ex]] : CLEO 111 1.89 + [l.{]-")ﬂ: H; 0.36 + U.l[]ﬂi::i?
B 4 experiment [CLEO-c, 0712.0998 [hep-ex]] 1 FOCUS 1.93 = 0.05 £ 0.03 0.28 + 0.08 £ 0.07
s 1.5 [ v experiment [CLEO-c, 0810.3878 [h“[-"{x]l{ : ] BELLE 1.82 +£0.04 +0.03 0.52 + 0.08 + 0.06
= s ([ BaBar 1.889 + 0.012 + 0.015 0.366 = 0.023 + 0.029
o i = : i CLEO-c (tagged) 1.93 +£0.02 +0.01 0.30 +0.03 £+ 0.01
' 1~ : _] CLEO-c (untagged, DY) 1.97 £ 0.03 £ 0.01 0.21 +0.05 +0.03
- | CLEO-c¢ (untagged, D) 1.96 +£0.04 +0.02 0.22 +0.08 + 0.03
B : ] BESIII (prel) 1.943 £ 0.025 £ 0.003  0.265 = 0.045 £ 0.006
i : 4 Fermilab lattice/MILC/HPQCD / 0.50 =0.04 £0.07
0.5 - ]
|
N ) -
i arXiv:0906.2498 I
D i L1 1l | Ll 1 | L1 1l | 1 L1l | L1 1 | L1 Ll | 1 11 1 | L1l 1 | 1 |: 1 I_
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
2, 2
g /m s (Bernard et al, PRD 2009) )
1" Mp; Mo far from theoretical
Expectations mp.. =2.112 GeV
— High precision measurements 0poe<l as expected
— Agreement ? Contributions from

other states

A. Oyanguren



D—)_

Series expansion

e Results on form factors:  Expt. D — K mode r ro p
CLEO III 0.2730 —8971%) -0.99
FOCUS —2.54+0.75 74+ +13 -0.97
BaBar —25+02+02 25+£60+50 -064

CLEO-c (tagged) D°— K- —265+034+008 134+9+1 -0.82
CLEO-c (tagged) D* — K —1.66+044+010 —14+11+1 -0.82

CLEO-c (untagged) D" — K- —244+04+0.1 21+11+2 081
CLEO-c (untagged) D* — FO —28+6+2 32+18+4 -0.34
BES III —2.18 +0.36 +0.05 5+9+1
Combined —2.39+017 6.2+ 3.8 -0.82
Physics interpretation?
-~ 0p o~ 60
E_ U_) -+ FOCUS - 0 - FOCUS
osp PKen oeweer | SOF DKty
e 777 BES I % 40 ///| BES i
1.5 E— CLEO-c tagged 30 f_ CLEO-c tagged
2 E_ BaBar BF, r1, r2 - BaBar BF, r1, r2
) - (52 Average 20 E_ m Average
-2.51 10—
-3 i— 0F
-3.5 i— 10F-
-4 -20F-
4.5 30/
-B:""l""l""l""llllllllll _40:|||||||||||||||||||||||||||||||||||||||||||||||||
..6 0.65 . 0.7 0.75 0.8 0.85 £ (ONV 0|.9 5 45 -4 -3.5 3 25 -2 1.5 1 -05 0
Provided by L. Gibbons (HFAG) L0V | r

HQL 20127)
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e Results on form factors:

0.5
e BELLE BF
o D" xets
E CLEO-c untagged
-0.5— —
E // /| BES I
-1 = CLEO-c tagged
-1.5;— Average
2F
25F
3
351
4
-4 :\III‘II\I|IIII‘Illlll\ll‘lll\ll\lll\ll\|IIII|\III
'8.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.2
fO0v_|

D—mlv

15 — CLEO-c untagged
C //)BES TN
101~ | CLEO-c tagged
[~ verage
5 g
0
.5_—
-10—
||||||\I\|\I||||||||I\I\||||\|\|\||||||||||\|\|||

-4.5 -4 35 -3 -2.5 2 -15 -0.5 0

Provided by L. Glbbons (HFAG)

0.5

r

Simple pole  Modified pole
D — wlv Expt. Mpote (GeV /¢ 2) O'BK

CLEO 111
FOCUS
BELLE
CLEO-c¢ (tagged)
CLEO-c¢ (untagged, D")
CLEO-c¢ (untagged, DY)
BESIII (prel)

18677 ooty
1.9170%2 £ 0.07
1.97 £ 0.08 = 0.04
1.91 £ 0.02 £ 0.01
1.87 +0.03 £ 0.01

1.07 £ 0.07 £ 0.02

0.37753 £0.15

0.10 £0.21 = 0.10
0.21 £0.07 £ 0.02
0.21 £0.05 4+ 0.03
0.22 +0.08 = 0.03

1.876 £ 0.023 = 0.004 0.315 £ 0.071 £0.012

Fermilab lattice/MILC/

HPQCD

0.44 £0.04 £0.07

/

pole

[Z

far from theoretical

expectations my. =2.010 GeV

Series expansion

a,0e<1 as expected
Info from contributions
from other states

Expt. D — wlv mode ry o Ji
CLEO-—c (tagged) D° — 7° —2.80+0.49=+0.04 6+ 3+ 0 ~0.04
CLEO-c (tagged) D¥ — 7" —1.37+£0.884£0.24 —4+5+£1 -0.96

CLEO-c (untagged) D% — 7 —21+7+3 —-1.24+48+1.7 -0.96

CLEO-c (untagged) D* — x° —02+15+4 —-098+91+21 -0.97
BES III —2.73£048+£0.08 4+3+ 1

Combined —2.69+0.32 418 +2.16 -0.95

A. Oyanguren




e Form factor normalization:

D—P/v

Experiment

T(0)]Ves

HPQCD (2010)

E691 (1989) ‘ 0.69 £ 0.05+ 0.05 B Other theory i
E687 (1995) 0.694+0.03 +£0.03 "
D_)K BESII (2004) 0.78 £0.04 £ 0.03 - Sum Rules (2009) -
Belle (2006) = 0.692 4+ 0.007 £ 0.022 -
BABAR (2007) = 0.714 = 0.007 £+ 0.007 Experiment + CKM Unitarity _
CLEO-c (2008)(untagged) *  0.747 + 0.009 + 0.009 CLEO-c (2009) P
CLEO-c¢ (2009) (tagged) +  0.719 4+ 0.006 + 0.005 | PR |
BESIIT (2012)(prel.) +  0.720 + 0.008 + 0.007 [ BabarC0Tpdae)
(HFAG prel.) Combined fit =* 0.728 4+ 0.005 | T
HPQCD 0.727 + 0.018 02 03 04 05 [].16 07 08 09 1
: f (q*=0
Experimental accuracy below 1% ! A0
B I T I T I T I T
Experiment f1(0)|Vea | HPQCD (2011) o 4%
CLEOII (1995) 0.163 + 0.031 + 0.011 L £ =0666 20, 1), e
E68T (1996) 0.160 + 0.018 £+ 0.004 = _ e -
BESIT (2004) 0.164 + 0.032 + 0.014 | Fermilab/MILC (2005 =T
D—)']t CLEOIII (2005) * 0. 139—88% +g 882 | Sum Rules (2009) |
FOCUS (2005) 0.137 £ 0.008 = 0.008 ETMC (2011, preliminary) g
Belle (2006) * 0.140 = 0.004 £ 0.007 et _
CLEO-c (2008)(untagged) + 0.139 + 0.007 + 0.003 L l(‘LEO (-10_09) h s
CLEO-c (2009) (tagged) + 0.150 4+ 0.004 + 0.001 e '_ i
BESIII (2012)(prel.) * 0.144 4+ 0.005 4 0.002 I Belle (2006) e
(HFAG prel.) Combined fit * 0.146 + 0.003 B N
HPQCD 0.150 + 0.007 01 02 03 04 ) 05 06 07 08 09
£ 7(q=0)

Good agreement between lattice and experlments

HQL 20127
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e The decay rate depends on 5 variables: m,,, g%, 6 ,,0,, %
For vector decays (D—K¥*) two form factor ratios are

introduced: | _ A3(0)/A(0) 1w = V(0)/A(0)

A.(g?%), A(g?), and V(g?) shapes: single pole or
Fajfer and Kamenik PRD 72, 034029 (2005)
¢ Sensitive to the Kr S-wave (JP=0*)
@ Babar: PRD 83 (2011) 072001

3 3 3 3
x10° <10 x10° o x10°
T 1 T T T T T T T n 3( | .dlata 25 | [ I Tl T T TTT
.ﬁ BaBar |20+ .0..( 1 [Isignal
30+ | -T oo ut
[ ° 347fb" g %a® * .L Dc? : 20t
r = b He's
158® ~247000 - 20 * DBDEI
. signal evts. ® [Juds "= 5|
20 S/B-2.3 * 5
L o (4.6 in K* regign) .v
BiBiar BiBir 10r
101 7
.-._‘_’_,-r-"—‘,f_LL 51
0O 0 . N e 0
0 0.5 1 1.5 -2 0 2 -1 05 0 05 1 -1 -05 O 05 1 0.8 1 1.2 1.4 1.6
q2 (GeV?)  (radians) cos O cos 9, My (GeV/cT)
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D—Kn/dv

e Form factors mesurement:

I T T

O Ess? 1.4 B UxQcD
A E7 — 1.2t A $pocdr(at=2.7 GeV)
wn M — ; ——t I I SPQedRiat=3.7 GeV)
= Beatrice £ By
g '& FOCUS .'_.I‘-J”.ﬁ'_ Bﬂ Bﬂr ® BaBa
= —— { PDGOS —— 0.4 ‘
5 BaBar * 04
1 + Egqt
348 fb-' @ D"' K*at*y BaBar@ D* > K*e*v 0.2 | D —}1|( e v_
. 1 . . _ . O T 1.2 14 16 1§ 2 2.7 2
0.4 1.2 .4 [2 14 I.ﬁI,VI.S 337 3.4
i fz-Az(U)fA1(0) r,=V(0)/A4(0) r"
. )
Detailed mesurement Measurement BaBar result

of the D—Knév channel: T oae MV D)

T mzw( MeV/c?)
rew( GeV/e)™!

RO5.44+02+0.2
465+03+0.2
21+054+05

v
ro
ma( GeV/c?)

1.463 + 0.017 £ 0.031
0.801 + 0.020 £ 0.020
2.63+0.10+0.13

B(D* — K—nte*v.) (%)
B(Dt — K‘?f*'c_ye)r.u(%)
B(D" — K 7 e ) s wave (%)

B(D*+ — K (1410)%*1.)(%)

B(D+ — K,(1430)%*v,)(%)

0.30 £0.12+0.18 £ 0.06 (<
0.023 +£0.011 £ 0.011 £ 0.001 (< 0.05 at 90% C.L.)

1,04 +0.03 = 0.04 = 0.0
3.80 + 0.04 + 0.05 + 0.09

0.234 + 0.007 + 0.007 + 0.005

0.6 at 90% C.L.)

A. Oyanguren



PRD81,112001 (2010)

a*h,(@*)H, (g%

B

e o = M

&

g*H(a%)
Lhldonwenss

o1 o .]..I.
002 04 06 DB
g® (GeV3/ch)

5;I II"'I'_"I"'I"'I;
af 3
T of [T
f~ DETT F—H ——
5_15_I1{[T| I E
T of Il E
T 2 .
-4;— -
_5 |||||||||||||||||||| .:-

g° {IGEV-;*I{:“}

HQL 20127}

e Comparison with BaBar results:
PRD 83 (2011) 072001

Form factor component

1.5

AN 00 & f

@ CLEO-c: Measure the g? dependence of helicity form factors in D—Knfv

T \ \ T
i *CLEOc -- BaBar, ngg(qg) i
o +CLEOc ..BaBar, 1
4 q*H, (@hy(q*) ]
i , —— i
[ N I B RS
0 0.2 0.4 0.6 0.8
5 3
q-(GeV/c7)

Good agreement




K S-wave  SaaReUt

«S-wave contribution @ BaBar: (5.79 = 0.16 = 0.15)%
PRD 83 (2011) 072001

—~+  Mod.Ind S+K (892/+K (1410
100F = s+¥ o2+ a410)  BaBar
LASS

A Estabrooks et al

O (degrees)

08 I 12 14 16
my . (GeV/c?)

<Same phase variation in D—Kn/v decays and Krr scattering in the elastic
regime (Watson’s theorem) — BaBar and LASS agree well

* Helpful to understand the effect of the spectator min D* -K- " mr*

HQL 20127
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@ CLEOc : arXiv:1112.2884 [hep-ex]

- With full reconstruction also measure
the suppressed decay D— pev (p—>nn)

DY — p=etu,

DT — pletu,

S 60t 150[ ﬁ
o [ [

G | -

= [

o 40 100}

9 - i

& 20} 50}

c i i

S |

-0.2-0.1 0 0.1 0.2
U =Emiss ) Clpmiss | (GeV)

V(0)/A1(0) = 1.48 £ 0.15 + 0.05
A5(0)/A1(0) = 0.83 £ 0.11 & 0.04

HQL 20127

A. Oyanguren -, .57)

Doply SRR

150 |
100 f

50}

Events

150F
100F '

50F

----------------------

CcoSs 99

A1(0) = 0.56 + 0.017502
Ay (0) = 0.47 +0.06 £ 0.04

. o

In agreement with
Fajfer and Kamenik

V(0) = 0.84 £+ 0.0070 52



D.—¢lv

e @ BaBar same reconstruction technique as previous

analyses ( ~1/2.5 BaBar stat.) /ée+
D K*

PRD78 (2008) 051101 (RC)

> > K £ E653
D- ' E791
* daia 23 -
C ' R | BABAR
2000F . S 3 L
r 1 N FFOCUS, |’
~ 1500 1 Determination '} T +
< 1500 ] _
z I ] . 3 UKQCD
= | of form factors: 1 “
£ 1000f . _
= - ] 0.5
500 -
A s 0"
e 0 2 3
b 02 04 06 08 07 05 0 0.5 1 )
a2 (GeV?) cos6, . . 2
2500F | | | T In agreementW|th Lattice:
: : AR P,
2000} ] lsoom HPQCD 2011 | BaBar 2008 UKQCD 2001
- 1 & ] 4,(0) 0.594(22 0.607(11)(19)(18) 0.63(2
S 1500 s [
K 1 g1o00r 7 Local 41(0)| 0.603(20) - -
= 1000} - 7(0) 0.903(67) 1.122(85)* 0.85(4)
. ] 500;_@ 40(0) 0.686(17) - 0.63(2)
et i ] 45(0) 0.401(80) 0.463(61)* 0.62(5)
ey — e ry 1.52(12) 1.849(60)(95) 1.35(7)
cosBy X ) 0.62(12) 0.763(71)(65) 0.98(8)*

HQL 20127



KK S-wave SEERamEa

e First evidence of a S-wave:

Small contribution (0.22% in the ¢ region) PRD78 (2008) 051101 (RC)
> s000F- 0}250[|| _ -
Z ?I}GDE— Z 2000 BaBar J, Interference W|th(l)_§
% 6000F- 5 1505 . data =
= 4000 soF B E

3000F- 0F oesetvnr Sisk. |¥TI|'[ A -

2000F- e BRI A R T

1000E- -50— o T TV . ¢

- 098099 T 101 102 105 104 105 1.06 107 108
098 099 1 101 1.02 1.03 104 105 106 1.07 108 m (GeV/c?)

Mg GeVi/c’ )
Important for Bs measurements:

— Expected contribution of the S-wave in the Bs—J/y KK channel
below 1% (in the same Am).

This in agreement with DO, CDF and LHCb observations

e For D¢y, [B(DF — ¢eTre) = (2.6140.03+0.08+0.15) x 102

HQL 20127 )~ 'A. Oyanguren



D s_)m

PRD 80 (2009) 052009

@ CLEOC (4176 MeV).
- D—KK/4v and D—nrfv using the full reconstruction method

In addition to the ¢, they also D’ > £,(980)e"y a———
observe the f,(980) (—nr) pETTTTT E
(O* state) Emi_ a) 600 pb-1 >t (b E
; a 7T mass St K"K~ mass -
PR . o s L NS g%: E
B} — fo980)e* )B(fo— m*a7)| ¥ CLEO-c 3=
— (0.20 + 0.03 + ~ : SBE =
(0.20 = 0.03 = 0.01)%. §al E“’i— E
w o b = ":; b E
B(Dy — ¢ev) = 0507 D8 00 T M I T TR L it i
-— B0 | : :
2.36 =0.23 = 0.13)% k- () | L e
[ 620 0.13)% S fie"v form factor fit | 160 v *
The ratios of the decay rates £ | * | 20| { - *
at qZ:O: E ’r 1" ‘ 1 =0 _ "\ i
R;"'*’ﬁb = (42 = 11)% ':f; 'i a0 | @&’V form factor fit ‘ ]
- % ) 'Simple pole T~ . [ BaBar form factors Ir' -
P N [ T .
|mportant to measure CPV in o 0.25 . 0.50 i 0,75 1,00 ] 0,25 , 0,50 . 075 1.00
q- (GeW=) q° (Gev™)

the Bs—J/y f, channel

HQL 20127



Conclusions

Many results in different channels

New data coming @ BESIII

Only partial data analyzed at B-factories
| V.. |f.X(0) accuracy at 1%

| V.4l1."(0) accuracy at 2%

Precise Lattice results to be compared with,
In agreement with experiments

Important informations on the S-wave systems

HQL 20127 05 & " A. Oyanguren



Special thanks to P.
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