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Introduction: why charm?

% The aim: find NEW PHYSICS

1) Overconstraining the UT

= For
1_

0.5

-0.5

2) Specific processes with
c-hadrons
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Y% The role of charm:

e Understand the strong interaction:
Hadronic effects in leptonic and
semileptonic decays, fragmentation,
hadronic decays

Help for inputs in B decays
(more sensitive to NP) validating
Lattice QCD computations

e Search for New Physics in Mixing and
CP violation, rare and forbidden decays
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Charm Landscape

o 1l

Wi
- ﬂ;f' BELLE
@® B-Factories Charm-"Factories” Hadronic
e*e —Y(4S) e*e'—y(3770) production
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Charm Data Samples

Physics at charm threshold: (DD) Physics at Y(4S) : (BB threshold)

CLEO-c: . BESIII: BELLE: (1000 fb1)
081817 @ V(3770)  ~1fp1@ y(3770)  711fb1@ Y (4s)
10° D*D" pairs (— 10fb in 6 years ?)

BaBar: (530 fb!
0.586 fbl @ v (4170) BaBar: )

~ I
c 15|
O
©
Cpp ~ 6nb ©
DD < 10
10° T
y(3770) +$ 5 [
. - |
o
I | | | 0 T | [ L
3.72 3.76 3.8 3.84 10.54 10.58 10.6
Mass {GEW{:E} Mass (GE\HCE)

& More statistics ~10° D"

% Clean environment: % More background

- less background

- easy to recontruct all decay products % Fragmentation:
access to D*, D**, D, A, etc...
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Charm Fragmentation

% @ the Y(4S) the c quark hadronizes into D, D*, D**, D, , baryons...

The charm fragmentation:

- Provide reference data on D, D**, charm baryons.

-Help in the understanding of the QCD processes (test of models)
—Important to validate simulations in other environments (LHC)

) B
= _F e zEUS(120 po) 2<E%= 236 GeV, z=(E+p,)” 12E"
S 3.5 beam
- O ALEPH s=912 GeV,z=E" JE
% A CLEO :vs=10.5 GeV,z=p” /p™¥ (6 fb)
i s D=, max A
— 3 © Belle:Vs=10.6 GeV,z=p /p" " (103 fb) )
5 F Present Status:
—_
< L5k

S
: D frqgmeniﬂlin - Old measurements from Belle and CLEO-III
% + ? %a (BaBar on the way)
:

;:ft L it -Would like to have all (D, D*, D**, Ds, Ac, efc...)
]
]

)
|

1-5;‘ % % i fragmentation functions
1B 7 ,f i ﬁ%, - Important to separate perturbative and
: § [+) - °
st } ¢ g 3 ;o non-perturbative parts

[ o JHEPO04(2009)082 . i
0 [ §|§§¥5 | | T T (I |) L 1 . 1 :o
0 0.2 0.4 0.6 0.
Pp*/Pbeam
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Leptonic Decays:

SM: D—/v=2.35x107>:1:2.65 (e:n:T
% Measurement of decay constants: f;, f,, X (e:p:7)

;

2
C Vcd -/ + | m2
+ W ['=—Gr/pm;Mp( 1— 70 |Vcd|
D 4 i 87{- *\[ D
d
\
fo(s) Provides Lattice-QCD validation
@ charm threshold:
- 818 pb-! at w(3770)  .coumon 50 600 pb' at 4170 MeV
Tag-side: K+ P o T PRD 79,052001(2009) °
full ¢ " [ T — PRD 78.052003 (2008) ] 7[}:_
ull reconstruction - ool | CLEO'C ] &; E_
T g & 60F
f“L 3 7TKE s
7\\/\ g 200 "'___Q_‘:' E_
D+ g e b BkgDg
wt 5 & 3ok
\% @ o F
H 100 200
Signal-side: 10;_
- Missing mass squared: | EE.. i,
0 — 01 -005 0 005 0.1 0.15/0.2
5 P = N2 0 0.25 0.50
MM™ =(E,—-L,) (-1 | MM2 (GeV?) MM? (GeV?)
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Leptonic Decays:

@ B-factories:

-D, (D,*—D.y) reconstruction from all the X
event including fragmentation particles D
- Reconstructed mass: —>! CC
TR Ly
2 Y + * -
m,2(DKXy) / D*,
Vy

Present Status:

- Good agreement between lattice and
experiments on f,, not so good (2c) on f,.

-Lattice quite precise.

CLEO-C —«—— 207(9)

Lattice HPQCD+UKQCD (‘08) -+ 207 (4)

Lattice FNAL+ MILC (‘09) & 1 217(10)
fD (MeV) 180 200 220 240
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* |* arXiv: 1008.4080

Z100f -

3 521 fb!' s

g

= 50 !

2 Ly

aa ¢

K -J' ! 1 —1

050 05 1 15

2
m2(DKXvyun) (GeV?/ch

258(11) ——*—— CLEO-c (uv) (‘09)

260(9) e CLEO-c (tv) (‘09)
275(20) : . BELLE (uv) (‘07)
260(5) —e— EXp. Average (CKM ‘10)

281(3) o Lattice HPQCD+UKQCD (‘08)

260 (10) R Lattice FNAL+ MILC (‘09)

248 (3) e Lattice HPQCD (‘10)

248 (9) Lattice ETMC (‘10)

T T T T | fDS (MEV)
220 240 260 280 300

Arantza Oyanguren




Semileptonic Decays

% Measurement of form factors £,(g?):

hadronic effects—

a%=(p,+p,)?>=(Pp-Px)> parameterized by form factors f(q?2)

et

1) Pseudoscalar: 1 form factor; D—P/v (P=K,x)

2) Vectorial: 3 form factors; D, —V/Lv (V=K*, p,0)

1) D—(K or ) 4v
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‘ 2

dl’ G% 2 3 o )
d_(]2 — 9473 Val Dr (7°) ‘f+(q )
K Tests of Lattice-QCD calculations

DO—= ety ‘

PRD 80 032005 (09) |°”
T'i All Tags '
All g2 500
Summed

CLEO-c %%
@ charm threshold: 818 pb' 1300

-Full reconstruction in the tag side
- pion + lepton in the signal side
-U=E

miss | pmissl

— good signal/bkg separation
— good g? resolution (~20 MeV?)
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Semileptonic Decays

20000 ——————————TT————
. L -1 (BABAR
@ B-factories: (RIS | * BABAR
= MC - = Lattice-QCD (0, =0.50(4)
- Partial reconstruction (D* tag) @ BaBar ' ) - Pobngccbke T DO_SK- /4
and full reconstraction @ Belle (CLEO-c like) = Aorpeakigecble 1 2 |
: g o
E ﬁ 10000 - Peaking cc =46% . (:];
- 2 Non-peaking cc= 31% ZsbL
E o K ) : ) qjl.n
1 D e <3
T—Sﬁf’ > thrust or .
7T \Y i . ]
| i 1 =* _
: D*+ 0 | e L | , ..
: T(4S) rest frame 0.15 0.2 0.25 0.3 0 0.5 | 1.5
' am (GeV/c?) qz(GeVz)
PRD 76 (2007) 052005
Present Status:
—r—T—T—T T Consistency check between lattice and experiment for D -> &t
fiq") rescaled by its value at ¢” =0.15 GeV~
- Precise measurements of L 1pocD 2010) D-K 3 2.5 % emror T | ) _' | T
D—K¢vand D—-mév form e e s s e ot

factors (BaBar, CLEO-c)

- New precise results from
Lattice agree with experiment

- New preliminary results
from CLEO-c on D—n) 4v
form factor
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Fermilab/MILC (2005) —

Sum Rules (2009)

Experiment + CEM Unirarity

CLEO-c (2009)

BaBar (2007+update)

1 1 I 1
03 04 05 06 O

£.(q=0)
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I0




2) D, ¢4V

@ B factories : D,.—>KKev

-Partial reconstruction method

Semileptonic Decays

O SRR U 4 T I [T T [T [T T [T [T [T T [T T T WD:—}&‘&@*-V
L £ ) E _uf o 3
2 oot BABAR JIRIER tdeta o dl'dependson S ol @ CLEO-c i5s: 0
= signa E 2 E E + - Eau_ *E- B
% 6000 ¢%K+K_ -BE — q Ievlelix Em_ S 1 Egs-_ AR mass 3
£ so00= 53 = and 2 form factor ratios: S ¢f 600 pb™ 32t E
- 4000F Wuds < ryandr, £ st =
3000 70% peaking (9) = A ‘Em__ -
2000 \L = 2ot wSE 3
1000 - 05 07 08 08 1 M 12 13 14 15 16 088 1 10 10 1%  i0s
098 099 1 1.0l 1.02 1.03 1.04 1.05 1.06 1.07 108 S ! 5 - -
m,.(GeV/c? 2 ™V form factor fit | '°°
xSV pRD78 (2008) 051101 (RC) S 1 - -
= data : : ‘E 120 {
4500 ' " [Ifitted signal 2500[ & e + * .
W ¥ 25 |- ¥ - LY
4000 e B ﬁ'l ““““““““““““ 1 ;é ‘ a0 N
o ; 2000/ 8 ~L
> 3500 ‘_4_|_L :E_U':'S . o asymmeh’y FH' 3 1 0| @7V form factor fit |
S 30007 S o F ]TL_1 5 e -.
= 1500F . 2 - .
mERUE ABAR. B e o Bl T ]
Eggog i —';‘_:"'mﬂn_ TN T T T T T T 0.25 0,50 0.75 100 @ 0,25 0,50 0.75 1,00
B 00 k= R\ ITterference with ¢ - o (o) o (Gev?)

First evidence of a S-wave component: osso% 1"

0.2

0.4 0.6
q* (GeV?)
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DT — f,(980)e™y

0.5 1

cnsBK

-50

el b b b b b by
101 1.02 1.03 1.04 1.05 1.06 1.07

2
my - (GeV/eT)
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1.08

@ charm threshold:

- Full reconstruction method
-Also visible the 0*: f, (980)

PRD 80 (2009) 052009




entriegs

Semileptonic Decays

2) D—K*/v

@ B factories : D—Kmev
Preliminary

10%

—

—
T2

entmes FUD0LY Levic
—

10F

(347.5 fo )L

my . 1E_icW|:3)

P A Ao (SRt LY
08 1 1214 1.6

x10°
I
BABAR
preliminary
30} 1
3
=
w204
o
=
=
= L]
H
5

%10’ %10’ -
T | T T T 3 I | I 2_1 | |
o y ®cata
5 & [Jsignal b -
Her
ﬁ OeE
1 20- 9 [uds
L] 1s- ®
o o
A 2 | ]
10 g 5
101'
1+

j:pj_];r'======..._

100~

dI" depends on
m,q%0,,0,,%

and 2 form factor ratios:
ryandr,

Also measures the phase
difference between S and P waves:

._2.0.2.

% (radians)

|
-1 05 0 05 1
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cOs BK

I
-1 05 0 05 1

cos

100 BABAR

* LASS Nucl Phys B296, 493 (1888) + W. Dunwoodie
Estabrooks et al Nucl Phys B133, 490 (1978) i+
® BaBar (4D S+K*(892))
& - ® BaBar (4D S+K*(892)+K"(1410)) ﬁ } =
g -0, BaBar (5D S+K*(892))
o -0, BaBar (5D S+K*(892)+K*(1410))
IOQ i %
. 7T C—
o i

preliminary

08 1 1z 14 1.6

my, (GeV/c?)
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@ charm threshold:

- Full reconstruction method

-Also measure the suppressed
decay D— pev (p—nn)

llu=m—22 |
“CBall_sigma = 0,0175 + [i0013

«- Preliminary I,

peak_mean = -0.00032 + 0.00 ﬂu
50 peak_yield = 305 21 I‘,‘l




Semileptonic

Present Status:

- Accurate measurements of form factors:

Ds—¢sv D—K*¢v - Lattice lacks precision:

-2
T

SR

S
T TTT

E653 Comparison with LQCD:

; E791 g ]
[ El:"_ 1 . B __ T T T T T
2.5 1of =" , 1 L4 B UKQCD
' Babar — ' E — ] 1.2+ A $pQedR(a1=2.7 GeV)
7] aba ]_8— — ‘ ) P - -
: . . - ] SPQcdR(al=3.7 GeV)

L i 1T PDGO8 ] | 1 e s
1.5 7 B ] 10.8 B o
FFOCUS 1.6 +FOCUES B -
: 1.5 — : Lo 1
| o - 1 .4; Ba b.a'ﬂj Beatrice E 0.4
0.5! b preliminary E 02 B ABA R
i =L ] preliminar
0! 12b L . o - 006 08 T 1.2 14 16 I8 7 27 74
0 I 2 3 0.6 0.8 1 1.2
].2 ]-2 I'y D%K*EV
Flavour independence of D — Vev Preliminary
D', »pev | DKl D—plv - No evidence of flavour
A.(0) 0.614-0.03 | 0.620.01 dependence of form factors
I, 0.76+0.10 0.80+0.03 0.83+0.15
Iy 1.85+0.11 1.46+0.04 1.48 +0.12
m, 2.3:0.3 2.63+0.16 CLEO-c
(GeVic?)

BaBar BaBar
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Mixing and CP Violation

% Charm mixing:

V S£LF W p:l JiF
mass and flavor eigenstates are different o S o
! N D) | d.s as | ||5°)
1Dy 2) = P‘DD) + Q’|DD> | e |
3 I's V' W'f V'
|p|2 4 |q|2 —1 d 5t o 1
The mixing is measured with two parameters: x and y
- - -2
x=(m,-m,)/T" (With T=(T",+ T,)/2 ) In the SM- |x| and |Y| <<10
y=(F1-F2)/2F - New Physics can enter in x

- Long distance hadronic effect enter in x and y

% CP Violation in the SM may occur at per mil level and could be found:
A (D0>1)

Do _?f

Mix (D°>D°) A (D°>1)
Weak phase:

- In the decay (direct) A—f| # 1

- In mixing (indirect) ‘%‘ # 1

- In the interference between mixing and decay |[¢; = arg (5_) #0.7m
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Mixing and CP Violation

@ B factories:
Time dependent mesurements:

- Select D° mesons from D**—Dt* (tags flavour)
- Am=mD**- mD° to supress bkg.
- Measure the decay time (6,~ 0.2 ps)

First evidence for D°D° mixing
Wrong sign D°—K*1 decays:
RS/WS ratio as function of time,
extract rotated mixing parameters (x’2, y’).

L L B L L L L |
= Data

1600F =

- a) [ Mixing fit 3

o 1400 E Il Random =, 3

(2] a 12005_ 384 fb1 I wmisrecon. D° _E

™ g 1000— Il combinatorial

® £ oo gL No mixing fit

] - __
oo S0 E °
c 400 - S
(<)) e 3 D
o 200 = o
B : =

2, : i

— C ] =
X3 o : E

= 0 » 3

& _s0f =

2 A 0 1 2 3 4

t (ps)

Phys.Rev.Lett.98(2007)211802
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K+ \ T o~ I . Ili)afa |
$1500 [ws Signal
i é’ i Random
T e ~1000" [ Imisrecon. D .
‘ E_ﬂ)z)!-" :"10"0':’;“ o .Combinatorial ]
3 a
c B
,‘ 5 500 .
3D flight path reconstruction | \\:\&\\\\\\\\
I B 4 - P mpoe :
proper time  t = = 5 0014 0.15 0.16

Am (GeV/c?)

Amplitude analysis of D°(t) — K h*h-

Average decay time as function of Dalitz-plot position allows
to get the mixing parameters x and y

pol
3-\‘ 1 %? K + "+ Datn =|
F | — CISignail
r 0 Dat T T[ =i Rando 4
25 & b D& Bata 1o Q 10° | “”H::r?c:nxu ?
2L ¥ : N | =] 210 @ curntunatnrm
| § 3 n
¥, - l z — 102 ﬂ 1
. : B0 b (M b
i\ Ry o
FWS K— "0 10 S 10 || [lfh ”!
0.5F . ) w ﬂ]I] “!I-J-!“!rnrJ| 1
" Logarithmic 1 468 5 fb 1 : :'*5..:,4
N N N T 101_ e
: ) ' -2 4

m2( Kgm) [GeV/c?]

t(DS)
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Mixing and CP Violation

Present Status:

many experimental results
(no individual 50):

- Mixing established at 10.2¢

< 2_ HFAG-charm ' 1
e | FPCP 2010 i %
= CPV allowed I
1.5 ; - ]
0.5 7 ...‘..2;.........‘, H

0_ °® i i

: No mixing point Bio |

-0.5- 2a

i 30

t 40

_J e L. M50
-1 -0.5 0 0.5 1 1.5 2

X (°/o)

[)“ . hl"[:r:_-f-: New

Y KR

0 (%
D — KWy

Legend: = mixing evidence > 3¢
- No CPV point within 1o
'E', 1o
_8 FPCP 2010 . 20
= s No CPV point 4
E 50
D 40
<

20

-2

-4

=60

-8

e | | [ I I |
02 04 06 08 1 1.2 14 16 1.8

Ig/pl

- SM predictions difficult due to non-perturbative (long-distance) contributions...

= NEW

studyv of the fime dependence
lifetime ratiowrt D" — K~ =7

lifetime difference berween CP-
even and CP-odd eigenstates

time-dependent Daliiz plot analysis
time-dependent Daliiz plot analysis
fime-dependent Daliiz plot analysis

fime-infegrared analysis

result
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Mixing and CP Violation

Present Status:

N(D° — f) - T(D" — f)

New result from CDF (D°— n*w): ~ 220,000 D** - D°m* —» (m* ) ”
(Released to public October 1st, 2010)

Al = ,
CcP r.(D(__) s f) +I‘(DlJ N f)

CDF Run Il Prelim\narny dt=5.94fb"

CDF Run Il Prelim\narny dt=5.94fb"

-Acp (K*K-) = -0.0016 + 0.0023
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§ 8000 N(D*— D%z — [n'n*]ﬂ;)sf 106421+ 361 ~>°- 8000 N(D* = Dy = [ 5"} = 110447 & 368
] ¥2Indf = 303.23/306 ] ‘ ¥2Indf = 303.23/306
= A : = f :
S 6000 8 S 6000
8_ r I + data 8_ r + data
8 [ [ it 8 [ it
_-g 4000+ f & random pions -S 4000+ g random pions
=] = } | =] = 1
& | &
O [ O
2000 { 2000
/ ,
O ———-r"'i'.’(— | — I —" I h N O — § — T L n ! L
2.005 2.010 2.015 2.020 2.005 2.010 2.015 2.020
Invariant D -mass [GeV/c?] Invariant D -mass [GeV/c?]

5 - — 5 R —
= 2 3 2 '

OZTMWM D'I'WII‘HUF"’I“

-27 721

+ -
N* = 106,421 + 361 N = 110,447 £ 368

(HFAG)
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No Indirect CPV

T T T l 1| T

BABAR 2008 i
(-0.2420.52+0.22)%
BELLE 2008 |

(0.43+0.52+0.12)%

CDF Preliminary 2010
(0.22:0.24x0.11)%
| | | | | | | | | |
-2 0 2

adr (D’ — n*m) [%]

Further info: www-cdf.fnal.gov/physics/new/bottom/100916.blessed-Dpipi6.0/

No direct CPV @ permil level
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Rare and forbidden decays

* Lepton decays (D%°—/¢*¢-), GIM suppressed decays (D—Meson /*¢7),
decays violating Lepton Flavour (D—e) or (D*—>Meson /*/¢*)

— Very suppressed (B < 10-%), ulira-suppressed or forbidden in the SM
— New Physics could enhance the rates through virtual non-standard particles

Present Status: SM Current limit BESII|
(x108 ) | (x107%) 10-8
- Some present results and projections D* Kt - 9.2 (FOCUS) 10.5
(BESIII with 20fb-1) Dt 1.9 8.8 (FOCUS) 8.7
D+—>K*e-e* 3 (CLEO-c) 6.7
D* >n*eet 2.0 5.9 (CLEO-c) 5.6
SM | Current limit | BESIII
10-5 106 10-8 SM | Current Limit | CLEO-c | BESIII
D+—)K_e+e+ 0 4.5 (CLEO-C) 6.7 D yete “I{j 23| 7.9x10 8 | £.9x10 7| 24 %108
D*sne'e* | 0 |3.6(CLEO<c)| 5.6 || (Belle) .
- : DOt (1073 14 %107 - 1.7 x1077
(Belle)
Dlseu=| 0 2.7 =107
(Belle) - 4.3 x10-8
8.1x10°7
(BaBar)
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Measurements in the charm sector are important for the CKM picture —
control of hadronic effects, validation of Lattice QCD
It can also give signs of New Physics

% Leptonic decays:
theory and experiment agree on D—/v, not so well on D.—/v (20c)
Some results from LQCD more accurate than experiment (BESIII?)

% Semileptonic decays:
Experimental results from B-Factories and CLEO-c agree
Theory lacks precision (LQCD for sl decays improving...)

% Charm mixing:
Charm mixing established, need to separate x and y. No CPV at present.
What does the SM say?

% Rare decays:

Sensitivity ~10-¢ -10-7, waiting BESIII (~10-8 with 20fb-') and/or SuperB,
LHC-b?
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