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Introduction

» Charm leptonic and semileptonic decays provide an important way to
test lattice QCD predictions. Techniques validated in the charm sector
can then be used in the B sector to improve the accuracy on CKM
parameters determination.

» QCD parametrization :
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Leptonic : decay constant f,, Semileptonic : form factors F(g?)

In this talk : { D,*— p'v } [ DO s K-etv } [ D"~ (e*v 1
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Charm study at Babar

@ Large cross section o..~1.3 nb Large data sample available at Babar
@ Large integrated — (typically 0.5M evts with BR=1%, € =10%)

luminosity The analysis reported here are
using just a fraction of the
5[ y(1s) sample : 230 fb-" and 75 fb”
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® main challenge :
background control
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¢ Precise knowledge of fy, and fg
needed to improve constraints from

AM, and AM,/ AM
In LQCD similar techniques are used to
measure b and ¢ decay constant =

experimental measurements of f, and
fy can be used as a test of lattice QCD

% Partial width of M*—1tv :

CKM M1X1ng

Vﬂd
8.8%10™

theoretical
uncertainties

Hehclty Suppression

D .t—u'v is most accessible experimentally :
[(Dg*— vy : (D —ptv)) : T(Dgt—etv)=10:1:107
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Analysis overview

e Goal: Identify D," —»D.y, D, — uv, decays in cc events | 230.2 fb!

e l|dentify cc events: Charm -Tagging

Reconstruct charm mesons D°, D*, D_*,
and D™ using hadronic decay modes — the ‘tag’

High tag momentum above the kinematic
limit from B decays

Search for D,"* — yD,* — yu*vin recoll

Advantages:
tag momentum reduces uds, BB, tt backgrounds
tag direction improves fit to missing neutrino
and the AM resolution

knowledge of tag's charm reduces pion—muon
misidentification by 50%

Disadvantage
Loss in efficiency due to tagging

continuum ¢¢
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Tagging strategy

Fully reconstructed D in 13 hadronic decay modes
N

DO — Krt, Kn*nl, Kntn*n
D* — Kn*n*(n0), Kn*(n0), KLln*n*m,
KrKnt, KOK*

Modes allow
identification of

Ds* — K OK*, gp* the charm quark
D** — Dor*, DO K o' (n0), K<OK*K-, K on flavour

y

Tag momentum above 2.35 GeV/c to remove D from B decays
Fit tag mass peak: estimate y, o

Define tag signal region ut2o,
and sidebands between 3 and 6o
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Signal selection

e Signalis a peak in AM = Mp..-Mp,
e Tagging removes bb, uds, and tt background, left with signal
and cc background

e Identify kinematic quantities which distinguish signal

Entries0.01 GeV
Entries/0. 1 GeWie

Entries/0.03GeVic

04 06 05 1 15 2253 35 4 453
E*, (GeV) Peor (GeVic) P*p,« (GeVic)

Photon energy Peorr = | Prmiss | = | Py | D.”* momentum

More cuts with E angle (u,D.*), 8,

miss?’

e Cut optimization maximising the significance
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Background

e Fake charm tag from uds, bb, tt,cc — 42 %
— Subtracted using the tag sidebands

"2 500E
> E
e Correct tag but y from charm semi G 400E-
leptonic decay or t (1 — pv,v,) — 26 % %;EE—
AU
— Use electron : same decays appear £ ,E
L] L] [ m :
with an e while there is no D+ — e*v E
200
— Take into account differences WO [F
between y and e (phase space, R 03 035
AM (GeVic)

Bremsstrahlung, e from conversion)

e Leptonic background
c¢ — D" —=Dn’, Dy — v,

Estimated from
CC — D — v, -

simulated events

e Combinatoric
_/
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Signal yield 230.2 fb-1

e Yield extraction :

300

» bin-by-bin subtraction p tag % zﬁaf—BABAR ‘ N =489 + 55
sideband from p tag signal region 2 2005 a
> same for electrons £ 150E
= 100E
> subtract electron from muon S0 ’_h-\-'_'L\ il
> Binned 2 fit = T T
0 005 01 0I5 02 025 03 03
AM (GeVic?)
e Normalize to D j*—@Tr:
We obtain :
20 (Dr 5 v,
& T00E- D" > u'v
SoEN —2093 99| BABAR s 7 # ) 0.14340.018+0.006
J0c o | r(D; - ¢n)
;érlﬂ{lg—
3 Independent measurement in BaBar :
E

wog g TR bt | B(DT s gr) = (4.7140.46)%
Y - A% W X ¢ SR R 0 ( ) PRD 71, 091104
AM (GeVich) (2005)
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Results 230.2 fb?
and st =283+ 17stat £ 7syst + 14Ds—>¢7z' MeV

Weobtain  B(p;— u'v,)=(6.74+0.83+£0.26+0.66)x107°
Submitted to PRL
hep-ex/0607094
/ f N

Improvement possible Small syst. Improvement
(Babar: 1ab') uncertainty possible

PRL 95, 251801

% Using CLEO-cvalue: fp =222.6%16.7sa’5yssMeV (2005)

Weobtain  fpo/fp =1.2720.14  (11%)

Consistent with lattice QCD : [,/ f, =1.24£0.07  (5.6%)

PRL 95, 122002
2005)
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Charm semileptonic decays

(= (P+Pv)’=(B-R)*)

D, Motivation: Study QCD effects
through the form factors and
compare measurements to

hadronic effects : parameterized theoretical models
by form factors (ff)
» Pseudoscalar ¢/ v decay : one form » Vector /v decay : 3 helicity states,
factor, angular distribution known 5 kinematic variables
DO — K-etv !
Only the — / Do ety }
spectatc?r — D,—n/n ev p
quark differs < Can help in V,, D— Kirev }
DO — ety determination \ A
dr (B > ntv)/dw (v, D M, f2" ’ Study K
dr(D > ntv)iaw |V, |\ M, )| 2" system
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v¢ If the lepton is massless, the decay rate
depends on one (vector) ff :

dl’ G? |I/(11Q'2 |2pf?;'

dq2 — 247_‘_3 |f+(q2)|2

The measured ff can be compared with different theoretical models and
test LQCD determination of the parameter involved :

» Simple pole mass : suppose that the 0
decay is governed by the spectroscopic | i (q2)| - O
pole. The measured parameter is the 1- 2%

pole

effective pole mass™ m, ..

» Modified pole mass (B&K): add an |f+(q2)‘ — ( f+(0)

) 0)

Mryx
D

effective pole to take into account
higher resonances. Measure a

ULRY
Dy

pole- Spectroscopic mass /
pole, mD_* for Kev (1-cs state)
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Analysis overview

e Untagged analysis

® Reconstruct the decay channel
D** = DOg*, DO - K'/*v

in e*e-—c¢C continuum events

® Determine q2=(p,-pg )?=(p, + P, )? < two constrained fits (my,,my.)
® Reduce the background <« Fisher analyses (bb and cc events)
e Extract the form factor <« Unfolding: SVD method

® methods validation < Conirol samples <4
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Event reconstruction

* Define two hemispheres: Y(4S) rest frame : jet-like events

» take soft t*, K~ and /*in the
same hemisphere

(o p*,,p,> 0.5 GeV
Cuts < ® P <0.4 GeV

i D:k+

L €0S0O; st < 0.6

» Compute D direction (- py yaricies « k.2)
o Compute the missing energy in the / hemisphere
* Fit pp = pxtp,+P,

» From p,.p,, computed E_... and DO direction

miss

» Constraints using m, and m,. (1c or 2c fit)

e Compute g?=(p;, - pg )?
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Background rejection

2 Fisher variables :

N

e cC background: spectator system variables

leading

( mass, angular distribution, momentum and angular
distribution of the leading particle + kinematic
variables: pp, p,, COSSyy, )

L

L T T T T I T T T T -
- £ Signal

0.15 E— C
u —H Backgr.
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Background rejection

e bb events rejection: event shape variables

. — : I I I I | II I I I : ]
BB 0.15 _—g [£] Signal .
spherical ﬁé ) . H Backgr: —
: = 01 . )
cc 5 B= ] ]
: 0.05 [E - - i
. : =1 - -
Jet-like ?<-—— == . -
0 .
’ 0 0.5 1
Fox-Wolfram moment H,/H, — R, Track multiplicity
Remaining background composition :
BB evts = 17% B*B- evts = 7% udsevts =3% ™| +|++ przurvant BABAR
: = 480 of T O hacter |
Peaking cc = 48% L F b,
(real D*, with for ex : D °—K-%v or D*—K-r01r*) ! ”+*+H++
;ﬂ 500 - M’H* i
Non-peaking cc = 25% z [ i, ’
=or bt
check data/MC agreement : o
with wrong sign events 0

d(M) (GeV/c?)
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Decay characterisics

Y Mass difference ¥ g2 resolution
distribution

< PRELIMINARY [B4BAR

* Data i - . y
— MC e I PRELIMI.-‘\-ARI"_

B uds backg_|
BB backg_ |

(54% evts)
Ed cc backg. -

c~0.08 GeV? |

| (46% evts)
L 0.28 GeV?

=1
2
=
=
L}
o
L
——
=
i
-
=

Events /004 Gev-

[
=
(=]

75 fb-1

Sq

85660

Candidates [ '- e J } 1 P T R T N T S
02 0.25 03 5

8(m) (GeV/c?) _ - A g? (GeV?)
om =m(K-/*vr*)-m(K-¢*v) after the
fit with 1 constraint on m;,

0.5
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Decay characteristics

Y¢ Efficiency vs g2 Y Reconstructed g2 distribution

__._I_'_I_J:_RELJM!NARYBABAR
B4B4R ‘ : ety

— Signal
PRELIMINART _ B _ .Backgr.

o
H

z
=
)
O
&
S8
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Control samples

We use two contirol samples:

Same criteria and selection cuts
%+ O 0 -

¢ (D — D%, D">K 75+) as for the semileptonic channel

(apart for the lepton)

- control of the Fisher bb and cc variables against background

- control of missing energy and p, resolution used in the constrained fit

T T 1 T T 1 000 /1 T T 1 T T T— R T ] -t f' I | T
- emc % i Comc . - % °MC 4 oo " oMC -
| *data i 000 [ data § i % *data | i ° *data |
4000 | : — : 12000 = | % 7 - . i
i v, i - oo - - ° %  BABAR4 4000 — ]
: s BABAR 4000 j ] B o~ preliminary; i °o o ]
2000 |- P, e - s o Ba4Bar 1000 — ° % Sl N - 1
L : oa _ 2000 o preliminary B % ] L o 99 BAI:B.AR

L s 4 - D A ] L e | L ® preliminary
0 :.ML_J| \ |k 0 Lo vut® | &_L ] 0 ﬁ\ \ k 0 :ﬁao . T

1 0 1 -1 n 1 0 2.5 0 2
- P (true-rec
eD(true rec) D( ) EmissOpp(GeV) Emisssame(GeV)

Define a parametrization of the differences to take
into account possible biases.
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Control samples

Same criteria and selection cuts
® CD*"' —> DOTC+, DO—K-rttn? (TEO —)yﬂ) as for the semileptonic channel
+ cut around the D°% mass.

Treat the n* as the e* (m, » m_) and the n°as the v (m, > m_ ) to control :

3¢ Reconstruction efficiency Y% g2 and angular resolution from data

0.8 ;—* BT TRA 02 Tya?a q4°=0.1 GeV/?
0.6 | eff Fisher cc ~90% B
014:_ 0|||\||\| | L1
- B4BAR L x| 0.5 0 0.5 1
0.2 = preliminary +data — 5 »
:l L 111 | L 111 | L 111 | L 111 | 0.2 ;BABAR q =1'1 GeV
0 0.5 1 1.5 2 :_ preliminary
2 2 —
q(GeV) 0:\|__1_LL ] _J_|\II\
- -1 -0.5 0 0.5 1
1 :_ SIS +_'_I_’_|_—o~_o_—o— i —
-t 0.4 | BABAR q%=1.9 GeV/?
0.75 o preliminary
05 E MC/data 0.2 —
3 slope: (0.97+0.86)% ) R RN BN
b g IR g 0.5 0 0.5 1
O O 111 |O.5| L1 1 ‘I 111 |1 -5| L1 1 2 qu (GeVZ)
q(GeV’)

o e—— —Small differences included as systematics
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Results

experiment stat m,.(GeV/c?) Aole
CLEO-c 281 pb- 1.98+0.03+0.02 0.19£0.05%0.03 | preliminary
[
FOCUS 13k evts 1.93+0.05+0.03 0.28£0.08*0.07 | hep-ex/0410037
Belle 282 fb-1 1.82+0.04%0.03 0.52+0.080.06 | hep-ex/0604049
BaBar 75 fb1 1.854+0.0160.020 | 0.43+0.03£0.04 | preliminary
3
BABAR » Pole mass below Mps_
23 PRELIMINARY |' (=2.112 GeV)
% 2 » a measurement in
~ agreement with lattice
Zs w QCD: a =0.50 + 0.04 hep-ph/0408306
+ }
| L o BABAR » Disagreement between values from
_ E‘g‘éggﬁg{,ﬁﬁ%’é}” BaBar and CLEO-c = has to be clarified !
> 05 1 LS
q (GeV) milep. D decay at Babar 21




D, — @ev

L. K+K- 4 kinematic variables :
q2 ’ eva e|’ X

Decay rate : (assuming m,=0)

4
=y cosaﬁlVl; -~ Qedzoc Pixcd’ ‘(1 +cos@, )sin HVei@ (1-cos@, )sin «9,,6”"‘@ 2sin @, cos «9

Pox . .M
Helicity ff : H,(¢*)=(u, +mKK)+2MDiprK.
1 M2p2
Hld*)=————— | (M2 =m? —a* (M ; _4 pPxx |
O(q ) meK \/q2 |:( ’ mKK ! X D+mKK MD +mKK j|

A.(0) o V(0
1-¢° /M v )_l—qz/Mi

pole dominance parametrization: |A;(¢%) =

Two parameters are usually measured : ratios of the ffat g2 =0
r, =V(0)/A,(0) and 1 =A,(0)/A(0)
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Analysis overview

® Event reconstruction : same method as for
D—Kev but without D* opposite
hemisphere

» Define 2 hemispheres

take K*, K-, 7 in the same hemisphere

thrust
« Compute Ds direction (- Pail particles = K+,K-,|)

¢ hemisphere

« Compute the missing energy in the ¢ hemisphere
* Fit pps = Prs + Pt P,+ P, — one consirained fit my,

- Compute kinematic variables : g2 , 6, 6,,

® Reduce the background — Fisher analyses (bb and c¢ events)
® Exiract the ff parameters — Maximum log likelihood fit <]

@ control sample — Ds—>(|)'IT -
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Decay characteristics

. . =1 11 | I ! I | L | [ | LI | LI | I | I
signal region : - b 3 |78.5 fb-1

1.01 GeV <mg<1.03GeV 45005_ e B;;;Hﬁf,?a{‘; E
4000 .

o, - L I# 3 Signal yield :

“;; 3500 B 4 13000
D — | 3
O 3000 | .
o - - . ]
Background S 25000 | e =
composition : % N W BB ’ E
BoBY evts = 23% = me H gg ggi-;)ne%king ]
L - 7
B*B- evts = 22% 2 15005 W uds E
uds evts = 14% 1000E e
cC=41% 500 , .
E s d P e iy —Cin — = — — -
D[?E}S 1 1.02 104 1.06 1.08 1.1 1.12
2
my - (GeV/c)
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Kinematic variables

A g* (GeV?) Acos8,
o, ~ 0.08 GeV? 5, ~ 0.05 GeV? o, ~ 0.1 GeV? o, ~ 0.26 rad
o, ~ 0.25 GeV? o, ~ 0.23 GeV? o, ~ 0.39 GeV? o, ~ 1.39 rad
Efficiencies (including all cuts of the analysis but SL filter): ~ 15%
.E.U-ﬁgl Ié};;éz;’;lIHII””I”HI”HIIIHI””II” ;-.0-'5;| L L LA L e B B o .goﬁzl T %’- : E """"""""""""""""""""" E
% 0.,:_ preliminary ?E 02k + ?E a E_ + _E E [uhe] ol _:
05;—+++++++++++++++++ 051+|.+ ++++++++ 05}+++++ ++++++++++++E 05—++++++++++++++++++_;

cosb, cosB,

g? (GeV?) X
\\ Efficiency uniform versus the 4 variables /
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Control sample |

Use D,.— 1T to check :
* the agreement data/MC for the variables used in the Fisher analysis

* D, direction and missing energy determination

Event selection :

T
O

. sideband

. signal

=
O

EvermtsA 025 Gey
(=) [
(=] (=]

LA
[=]
=]

BABAR

preliminary

ol -

Le? 1% LB LBE i 02 204 H—— - —
! L%a LSE it

i L2 L.ItiJr
D, mass (GeV)

1.2
i
|J!
1

|

D, mass (GeV)
 Similar selection as olv as possible

» Background subtraction using the sidebands
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Entries

2000

1800F
1s00E
1400F
12002

Fisher variables :

¥ * Data

- BABAR

- preliminary +a
Sl bl Lrinern Lrinirn Lrtneren L

3 24 Q3

0.6

P(D,)/P

oy 08

max

Check other Fisher variables after correction ;: small

[

-

-

L ]

E_J
—ooboba b bbb L

Control sample li

| —

simulated events
after reweighting

discrepancy remains, ex: spect. syst. momentum

October 31 2006

Taken into account in the systematic uncertainties
by defining an additional weight on this variable.

Entres

Large disagreement data/MC observed in the fragmentation distribution

2000F
1800F
1600F
1400F
1200 z
1000F
8O0 ;

400

200F

Entries

e [ A I I
i HT_T_*:*** —MCMMI
+ & Dat
= 1) 1y
e ',"* "++ -
v & 3
= ot 3
3 b it E
- R ' =
=Wt - E
3 BABAR t 3
E preliminary o 3
‘||||I||||I||||I||||I||||I||||I||T:I
8.3 04 05 o0& 07 08/ o9 1 1.1
P(D,)/P, .
1000? -

B0
spec
GO0|

200F

reweighting

P afteE the 1st

||||\1-|5|\||2|||
pspec(GeV)

B , diian
2.5 3 35
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Control sample lll

D, direction determined using all the other tracks in the event is compared to its real

Value = L RN IS LA 2 3000

I R A
- - BABAR
- BABA 25000 preliminary -

2000 preliminary

2000F

15001 .
C 1500F

1000}

1000F

500 . 5001

La ! h i IFIFENN ININEN NI S Wi ! ol
903 0604 02 0 02 04 06 0F 1

¢Pp(true-rec)

[= e b L ey
Yl 08 06-04-02Z 0 02 04 06 08 1

B(true-rec)
Missing energy in the 2 hemispheres :

. ' BABAR
- preliminary
BABAR -

preliminary 7

5

IRAATE el lnnnd InnAn il i, Fifinis
15 -1 05 0 05 1 15 2 25 3

missOPP (GeV) E__same (GeV)

e EE8E8E8
PRI IO TIT[ITO TIT[TIT[TTT T

CLialinrnnflAnn ARl InAnlranlnA A i A e
-1 05 0 05 1 15 2 25

E

Define a parametrization of the differences to take
— into account possible biases.
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Fitting procedure

Use 5 equal bins for each reconstructed variable and perform a
log-likelihood minimisation :

ntrins
L=— Z In P (ndate |p My,

i=1 « %
/

Number of
MC . Number of
n¥* results from : expected events

data events from MC in bin i

* the number of bkg events estimated from in bin i
generic MC (normalized to data lumi). We take
the average over cos8, and y (flat distribution).

* the number of signal events expected is ! |
deduced by applying a weight W to MC signal | (L+cosf,)sinfye™XH,
events generated according to phase space. B ;ﬂﬁgg‘f;‘* — (1 —cosf,)sinflye "H_
Phase ' | — 2sinf.cosfyHy
space |

sagnal

> R MC =N5,ZJ'E=1 w;(Ax) + nf‘?’“g' N, is a parameter
Wiat (Ak)

The fitting procedure has been checked on toy simulations
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Results

% Form factor ratios at q2=0 (fixing m,= 2.5GeV/c2 and m,, = 2.1GeV/c?) :

r, = 0.705 £ 0.056 + 0.029 = 1.636 £ 0.067 = 0.038

\'

BaBar
praliminary

BaBar ™

= | BaBar
IIII|IIIIIIIIIIIIIIIIIIIIIII

B Bag
preliminary

fj1

@) Same accuracy as D—K*ev (FPCP 2006, J.Wiss)

% Fixing only the vector pole mass :

r,=0.711 £ 0.111 £ 0.096 r, = 1.633 £ 0.081 £ 0.068

m, = 2.537°>" + 0.054 GeV/c?
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Conclusion and perspectives

BaBar has obtained a precise measurement of the charm leptonic decay Dt — p'v

» D, decay constant : st =283+ 17stat = Tsyst £ 14DS—)¢7T MeV

we are still far from what can be
achieved on lattice (% accuracy) | » determination of fg /fg, using double ratio :

R= (Ds(mb)/q)d(mb) with D (m,) \/miBs Bs

B ® (m,)/D,(m,) D, (m,) ) \/min Bd

R can be determined very precisely on the lattice thanks to the cancellation
of chiral logs : R = 1.01(3) (from Becirevic et al, Phys. Rev. D 60 (1999) 074501)

So if f/fy is measured very precisely - fg /fz, could be known at % level

We can improve experimental results
with more statistics and a better
determination of B(Dj —>¢7z)
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Conclusion and perspectives

Semileptonic decays :

» D — Kev form factor : First study of the Babar potential in charm sl decays

Very successful, same m_.,.= 1.854 +0.016 £ 0.020 GeV/c?

s . pole preliminary
precision as lattice reached 0. =043 +0.03+0.04

pole

Open a large perspective in ff measurements in BaBar ...

> D, — @ev form factors : r,=0.705 + 0.056 + 0.029
r,=1.636 £ 0.067 + 0.038

preliminary

Still a lot of interesting measurement that we can do :

» ffin D—lv and D —KTrlv

» More detailed study of ff in Dy — Xev

» Comparison between different channels
» Charm baryons
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