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Big Questions 1in Flavor Physics

Dynamics of flavor? G @ G

% charm top
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Connection between flavor physics & electroweak symmetry breaking?
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Precision Quark Flavor Physics
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Precision Quark Flavor Physics
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=>» measurements of absolute rates for D semileptonic & leptonic decays yleld decay
constants & form factors to fest and hone QCD techniques into precision theory
which can be applied to the B system enabling improved determination of the apex (p,n)

+ Br(B> D)~100% absolute D hadronic rates normalize B physics
important for Vcb (scale of triangle) - also normalize D physics
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Precision theory? Lattice QCD
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Precision theory? In 2003 a breakthrough in Lattice QCD
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Understanding strongly coupled

systems 1s important beyond flavor

physics. LHC might discover new
strongly interacting physics




@ Precision Experiment for charm?

Circa 2004 (pre-CLEO-c) Key leptonic, semileptonic & hadronic modes:

1: D" — v
. 100 |
Experiment : Theory 2: Dyt v
3:D° 5 we'y
80 o 4:0° 5 Knt*
Poorly known —Br _ 5D s Kt
- Br % ; 6: D+ — on’
T error
/ :
40
Meqsured very 9B (D = 7e™v)=45%
precisely xg 20
U.4-U.8"7%0 ”_(D+ %ﬂ+0)=100%
B . Lo
0 1 2 3 4 5 6 7
Decay mode

Before CLEO-c precise measurements of charm decay constants and
form factors did not exist, because at Tevatron/FT/ B factories:

#X Observed <~ Backgrounds are large.

' “" #D’s produced i
efficiency x #D's produced s produced is
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CLEO-c: Oct. 2003 — March 2008, CESR (10GeV) > CESR-c at 4GeV

CLEO Il detector >CLEO-c

il | W(ZS ) =
.I/ap[ -
6 |— 1 A Mark-1 W PDG 2006 bl
= ' v Mark-I + LGW
= | m Mark-IT1
S e PLUTO
R E DASP
4 |- . v Crvstal Ball
B | « BES
~ f
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E -4 | Wl | ¥ |
2 e s e e e s e
B | . l
3 3.5

Js Mev) Ldt(pb™)
3686 54 N@Ww(2S)) =2TM

— .= X84 MARK III
3773 800 w(3770) ->DD=5.1x10"DD <~ X42BESII

4170 314 D((g D((:; ~3x10° D: D, <Z—3 Expect to collect x2 by

end of running
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[ Pure DD, no additional particles (Ep = E,.,)-
d o (DD)=6.4nb (Y(4S)->BB ~ 1 nb)
O Low multiplicity ~ 5-6 charged particles/event

=> high tag efficiency: ~25% of events
Compared to ~0.1% of B’s at the Y(4S)

A little luminosity goes a long way: .
Tagging ability: CLEO-c DATA

# D tags in 300 (;)Ob'flb (1@ charzn factory W (3770) — D*D-
~# Btagsin5 @ Y(4S) D' K mta. D — Kmn
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281/pb

Absolute Charm Branching Ratios at Threshold

E,=E,,: AE=E, —E, M, =\E., ~|p,l

1D" & 1D reconstructed in

1 D reconstructed (a tag) s [ sameevent
3 [ © [ D+t—Kntnt |
= 80,000 | 00 |
E D |.<F . S: - VS.
- — Ly — B
s | T ~a #00- - K+7T-7T
= - ) + o
I g 2002
300—
- events

8000f 200
eoool- Very little :
4000 hackground 100
2000 i

u apsfanpuiusps 0_-----|..;L....l.......|

183 184 185 186 187 B8  1.89 1.83 1.84 185 1.86 1.87 1.88 _ 1.89

MBC . (GeV)

MBC c (GeV)
Independent of

L and cross

- o # (K"~ 77 )Observed in tagged events
section B(D >K'nmrn)= ( ) g8

detection efficiency for (K "7z 77) e #D tags
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CESR + CLEO
s

" — + -
B(D° —K-rt*) B(D*—KtTt)
Sets scale of bd triangle BABAR ‘:‘;go&_, ve—— Previous best:
x10*° _ ':
60:10° S awl oS (@) S 805 measure:
- D' Kt : & 70t -
gso: D> K #ﬂ# 3322\_/:%0;2083 o I % ZEE CLEO C B(l*?r*Jr —>?Ozf) B(l?o %1{,7?{
gw CLEO-C |I| g- fggg: — Conct?:m'r:atona & ?53.50; B(D"—>D'n’)y BD"-Knrnrx)
%m_ +||| B 1000 Lo % E"wi; B(D+ %K_ﬂﬁﬂ'_’_)
8 3:3 500 "" 30;-—
o }' '|| = iel? 20- dependent on
105— Ill T lzﬁgr 10.:5 0 -+
AR i B oK)
' vGevey W GV & (%) Error(%) | Source
=0 Error(%) | Source 9.3+0.6+0.8 108 | CLEO
3.80 £0.09 24 | PDGO4 9.1+1.340.4 149 | MKl
3.891+0.035 £0.069 2.0 CLEO-c 91407 77 PDG04
4.007 £0.037 £0.070 2.0 BABAR
9.14 £0.10+0.17 1.9 CLEO-c
' S Syst. limited: 2%
Mark | : . i e now: B(D" - K 7' — SIS —
Mark Il T .
:‘: : " | |—+ ‘ gi%iﬁ & independently measure, o |
ALEPHO1  ——e it agree Vastly CLEO-c X.3-5 Mark Il e
i:gﬁz EE).*} A . superior S/N l\}/llore precise Mark Il
ALEPH 97 HeH at CLEO-c than PDG Mark] | .
CLEOQ Il average s
e TR charm hadronic scale aes ——
ssan K is finally on a SECURE CLED . 65 pb .
.CL.EO-.C'E.M ?b L .“H| L FOUND A UON CLEQ=c, 281 pb = HpH
CH{D:'—}K_‘.'E_) l:u;’u) 1 1 | . . . | . . . | . . . |

. [ 7 a 1
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D, Hadronic BRs

NEW

D, hadronic BFs serve to nomalize many processes in D, & B, physics

This 1s the Ist high statistics study @ threshold arXiv:0801.0680 ( 4 Jan 2008)

Ecm

Analysis technique same as for DDbar at 3770
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m(D’) (GeV/c?)

=4170 MeV. 298/pb Optimal energy for DD *production.

~1000 double tags (all modes) (~3.5% stat.)

2-%_' T I TnirI I T TTT I T I T 11 I TH T r 1T I T |_
I P T ]
2,04 " C
202" “
Foe A
2:." -
1.98 -
1.96F -
1.941 <~ el —
-E-. ]
19205 1 =
1.0F kgl s - : g
1 R RN T I S H T o O
Bfgs 1.9 1.92 1.94 1.96 1.98 2 2.02 2.04 2.06

m(D?) (GeV/c?)
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Absolute D hadronic ®B’s

arXiv:0801.0680 ( 4 Jan 2008)

CLEO-c, 4170MeV, 298pb- Brrots already << PDG
S L L PDG 2007 fit
Mode This Result B (%) PDG 2007 fit B (%)  *X ™ —e— CLEG Prsininary, 28 gt
KK+ 1.49 + 0.07 £ 0.05 2.2 +0.4 K"K = e
K-Ktzt  550=+0.23+0.16 5.3 + 0.8 KK 2 20 ——
K-K*tatq 5.65+0.20 4+0.40 — KOK = o
K2K - ztnt 1.64+0.10 £0.07 2.7+0.7 o o
ntata™ 1.11 £ 0.07 £ 0.04 1.24 +0.20
7ty 1.58 £ 0.11 +0.18 2.16 + 0.30 o e
rty 3774025 £0.30 48406 e i
K*taztz™  0.69+0.05+0.03 0.67 +0.13 Kox| ™ | o |
0 1 2 3 4 5 6 T

Branching Fraction (%)

K*K*1r* in good agreement with PDG
We do not quote B(D,— @T11*)
Requires amplitude analysis

Results soon
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Importance of absolute charm leptonic branching ratios 1

2V e + B
/ ¢ (D] >l 0)=LGiM, m(

2
D+
\Y;
1 Check lattice calculations of decay constants P
d By == B,
2 Improve constramts from B mlxmg ( ) f 7 ‘V ‘ ) ‘V ‘2
a | rqte = (const. [ }
EE:PC Onl =il < y R L
i 7 oy | o0 -0 ireen)  E12%
i ‘ | (expt) PRL95 212001 (2005)

HFAG
if f3, 103% — |V, |[V,|to~5%

B = tv o< f, V , butrate low & V , not well known

fo cieo-c and (Fo/fodarrice = fa  Precise [Vl
(And fD/st CLEO-c checks fB/st)laT‘rice important for ‘th MV

c 4=

W+ |"‘|+ E In 2HDM effect is largest
" . " :
Sensitive to new physics D¢ >_N\N\< for Ds
3 A
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Importance of absolute charm leptonic branching ratios 2

A new charged Gauge Boson Ds |

SM Ratio of leptonic decays could be modified (e.g.)
FrP" > 7'v) _ m? {

+ + ]/m {1_ 2}
T'(P" > u'v) M

+ 2 Hewett [hep-ph/9505246]
(If H" couplestoM” no effect) Hou, PRD 48, 2342 (1993)

2, N\ 2
tan 3 m,
M, . m,+m,
Akeryod [hep-ph/0308260]
Since my is ~0, effect can be seen only in Dy

In 2HDM predict
SM decay widthis x by r = I—Mlz)[
q

CLEO-c has made absolute measurements of

B(D" — uv),B(D” - 7v),B(D, — uv),B(D. — v)
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K o Vool
Tag D L / « Ay d e
fully S

. reconstructed g V

- B ‘ 1 additional track

Vi (consistent with a muon)

\ Zero additional photons

p Compute missing mass?:

1 peaks at 0 for signal

= 1.2
MM* =(E,~E,) —(B,~B,) -
Where ED :Ebeam > B) — _B) tag T 1
p, 0o
B(D" — uv)x10™  f, MeV 4,
MKIII <7.2 <290 0.7
BESII 12.2'.,+0.11 37177, £25  ©¢
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fD _from Absolute Br(D™— ut*v) at y(3770)

| Mark Il PRL 60, 1375 (1988)

~9pb12390tags

n
O

evenTs/[(0.02 Gev. . |

a o;s -
{Gewc?)?]

-OW

MISSING ! MM

BES I hep ex/041005
i ~33pb!

E&5321tags

- BESII -

[y -
i Tg= I
[ .

1
Cy i

S=3 B=0.33

&,
2% Tae
& a
! ‘ I
| 1
L l L l l

-0.2 0 0.2 0.4 0.6

MM? 18



fy, from Absolute Br(D™ — u*v)

Wz = (Ebeam _E,u)z _(_PDtag _Pﬂ)z
MC [T ]

—

6 X 600- < Dt —S1TTK0°
data 1
400 : | D+_) u+v
— utv signal
200l — thy, tsnty

0 0.25 0.50
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fy,from Absolute Br(D™ — L*V)

2 2 Y A2
MM*"=(E,,,,—E,) —F,,—F) Data 281 pb-' at y(3770)
MC A PP — 120 —————
_ b 1 e 1 D*>mTK°
6 X o0 < D*>1K° = N
- 1 50 (O]
— 80
data | S
400 ; D+—>l.l+V g 60
— uhv signal | q'-'C_J)
- — ntn° g 40
200l — ttv, sty % !
— Sum = 20 L
0 ; j» 02.155 — 0.50 0 MM ((gjvz) 0.50
(G 1st observation
of D" —pu'v
B(D* = u*v)=(4.40£0.66*%)x10* ngtea Eveglot
[ =(222.6 2167700 MeV pRr1 95251801 (2005) D'>n' m 1. 4

D'> K, ©  0.33
D'>t" v,  1.08
/. =(201£3x£17) MeV (LQCD) Expt/Theory agree~to 10%  Total Bek: 2.81
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D" >7tv,tt > x'v

A test of lepton universality o . Track consistent with

. [ 4t i 2" (Egy > 300 MeV)
D" tag + single x track LG | b ]

: eor : DK’
twov: larger MM” region [ ‘
. . . . B 1 L n nr
event yields consistent with bkgd estimates 4o _ [‘ HH
0.00 0.10

B(D*> t* v,)< 2.1 x 10

MY | IS

In SM: ;Dj | JHJHA‘,
L ..l_‘xr'_. i

R FGD+ —TV) i | 1-
'O —uv)

2 y \2 i Signal regio
m

]/mi (1— “] —265 |
M 0

.

M[2)+ ;* 0.00 0.25
MM’ (Gev?)

combine with CLEO-¢ B(D" — u'v):

R, /R, <1.8at90% CL

First measurement of R
=>» lepton universality in purely leptonic D+ decays is satisfied at the
level of current experimental accuracy.

PRD73 112005 (2006)
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Method 1: D, > u'v,D. > t'v,t" > 7n'v & f,,

D, (tag) 8 modes Cabibbo allowed decay compensates for smaller

# D, tags 31302+472 cross section @ 4170 MeV
L L T —— - 4000,
o] e <k | @4170 DgD.*, Dg*—Dyy
ol d A=l J\ | Calculate MM? for D tag ™
e # plus photon. 2000 '.,

2 Peaks at Ds Mmass. 10rJE5f-':'-""-"-H“
a N(tag+y)=18645+426 | All 8 modes combined
P2 | |
E’ 3:er 3.70 350 4.10
ED : MM* < (GeV ?)

MM™ =(Eqy —Ep, o —E,) —(=Pp 0y — P,)" = Mpg’

We search simultaneously for D, - uv & D, — 7v

200

B

_ Bk * For the signal: require one additional track and
K'K" from K K-m*n 1 .
180 1;?3 l:.B! lr.=(- 1:‘!3 E:J}I- .‘_I!.'l! 190 '.Sl.: -.:ul |__; 1.'1:- :".I:h.l .“'.-it:: no unaSSOCIated eXtra energy
Irnvariant Mass of Df Candidates (GeV) * . . .
Calculate missing mass (next slide)
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+ Ty PRL 99 071802 (2007)
D—uv and T(n7V)Vv PRD 76 072002 (2007)

1770107015

20

I_ I I I I I
mostly
Three cases depending on particle type: 1t Dy—uv

Track consistent with g™
(E < 300 MeV)

[~}

accepts 99% of g and 60% of z*

A B(D—u"v) 10 :— B
92 events (3.5 bkgd) -
B(D,—u*v) =(0.597 £ 0.067 £ 0.039)% 5 [ 31 events
ol
= - In¢vent XYI
{g 0 |-!|-| | " : . LI.-rI ]
B+C B(D.—1'V) : = 10 Track consistent with zt accepts 1% of u*
31+25 = 56 events (3.6+5= 8.6 bkgd) o (E > 300 MeV) Ymd 40% of &+ |
B(DS—)T+1/) - (80 +13% 04)% ‘% = mosﬂy
B L~ —tt(nt
L% i C A~ Doty
A+B+C: By summing both cases and S B
using SM t/u ratio _

25 events
BH(D —pv) = (0.638 + 0.059 + 0.033)% ! IJ_L” J—"J1
o [T (e [

0 |
st = (274 +13 % 7) MeV 1 Track consistent with e*
L
B(D,—e*v) < 1.3x10 0 0.25 0.50

MM? (GeV?)



300/pb @4170 MeV
Require D tag
Require 1 electron and no other tracks

Primary bkgd semileptonic (D> X e v).

Suppress X by requiring low amount of extra

energy in calorimeter. Shown on right.

Signal region E_ (extra)< .4 GeV.
Backgrounds from scaled MC.
Results:
B(D.—71v)=(6.17£0.71 £ 0.36)%
[PDGO06: B(D,—1"v) = (6.4 £ 1.5)%)]
fos = (273 £ 16 £ 8) MeV

This is the most precise determination of
B(D—71V)
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Events / 100 MeV

&h
[
T

40F

ha
o
T

Method 2: D, > 7'v, 7" > e'vv & f,.

NEW

400 MeV

—]
—
.

® Data
[ ] MC Tatal
MC Signal
[ 1 MC Background (BG)
77 MC DL = K etv, ]

E s (GEV)

arXiv:0712.1175

(Submitted to PRL Dec 12 2007)
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Tow &Il f iy

Combming method 1 D, > uv& D >, 7 —>nv
&method2 D >, 7 —ev
weighted average: f, =(274+1015) MeV

(syst. uncertainties are mostly uncorrelated between methods)
combine with /. =(222.6 +16.75;) MeV (CLEO)
fDS/fD+ =1.23+0.10£0.03

(D] »7v)
;- u'v)

=9.72 (Standard Model)

=>» lepton universality in purely leptonic Ds decays is satisfied at the

level of current experimental accuracy.
Aspen Jan 14 2008 CLEO-c Results lan Shipsey
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CLEO fd consistent with calculations

CLEO fds higher than most calculations indicating an
absence of the suppression expected for a H+

Our fds is ~36 above the most recent & precise LQCD
calculation (HPQCD).

This discrepancy needs to be studied.

1) HPQCD are checking against I'ee for J/w & ¢

2) Radiative corrections are not made to LOCD results.
Expected magnitude a few % . Needs to be

tmnnoftn-nfnll wrth hioh nrnnrnfﬂ
ueveSieguiCu wiin III«SII Prevredy.

If all checks hold up, it is evidence for new physics that
interferes constructively with the SM

Comparing measured fDs/fD+ with HPQCD
mH>2.2 GeV tanf @90% CL

Using HPQCD {Ds/fD+ find:
[Ved /Ves|=0.217£0.019 (exp)£0.002(theory)

Comparison with theory

HPQCD : ] ih
Fermilab/MILC : ——

CLEO-c : ——

HPQCD : n fp,
Fermilab/MILC : ——

CLEO-—<: o
BaBar : —_—a—

100

150 200 250 300
MeWV

HPQCD :
Fermilab/MILC : il

£ /fp

CLEO-c :

)

0.8

09 1 11 1.2 13

1.4



Importance of Charm Semileptonic Decays

Verml dl’ D—(K
AITLLL - " o ‘VCS |2|f+ —>(K)7w (q2)|2
—= —f(P®Pdq’

1 Assuming th ff=V_and V

2  Assuming V_ and V_, known, we can check theoretical calculations of the form factors

3  Potentially useful input to Vub from exclusive B semileptonic decays

Vub
V.,|=(3.17+0.1 ifg;;m A

Br(B — mlv) 6% precision

BABAR/ Belle/ CLEO
(HFAG = S8 =ILOLID 16% HPQCD
- 0
(2007) " Expt. 3% hep-1at/0601021
-
- 2 2
= vV B—-r
B &= " | /"7(g)
Related at
) o
HQS < I Same lIl.VaI’Ian
D =— Vv D 2 2 4 velocity
=—= ;. «|/"7(9]

Vcd

Aspen Jan 14 2008 CLEO-c Results lan Shipsey 27



Absolute Semileptonic Branching Fractions
The neutrino direction is determined to 1°

no kinematics ambiguity

o 1

2200 U Emiss_ |pmiss
000F ﬂ
1800
S 160F
gma'_
E S/N ~300/1 D' = Kletv
B 1000
E anaz_ ! +
ol ]2

400F
00E

=0

(~7000 events)

w(3770) = D" D"

ok
-0.25 -02 015 01 -0.05 0 0.05 04 015 02 0.25

D' > K*'n~,D" > K e'v U (GeV)
Tagging creates a single D beam
of known 4-momentum N(D — Kev
AD — Kev) = ( , )
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@) D' > ety

CLEOIII 10 GeV CLEO-c Do R
| I I 1 . 1 _'_é-l_ | J;‘ TE- E ve 0 _
= ’/Ll)%*ﬂ-4 4 200}~ D —>rmev
= | _ =
= D' K /v 7
g200 = 1s0f 699::28
= Ly - S/N ~40/1
= 4]
= - = 100} -
0 SN=I/3 & 1D ke
> 0.12 0.22 0.32 -
Am n
ﬁ Tag with D" — D’r,
0 -+
Compare to: br=mty -
state of the observable : U = E g5 [Pmissl (GeV)
art measurement 27 = M(ZALV)=m(zlV) Note:
at 10 GeV (CLEO III) kinematic
PRL 94, 11802 (2004) separation.

Only other high statistics measurement is from Belle
282/fb (x1,000 CLEOc) 222+ 17 events S/N 4/1
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15t Observations:
— u i ]
D’ —pev, D" —ne,
25 CBall_yield = 131+ 13 ] r

Embn_yield = 130 213
20—

Events / { 0.008

D" > we'v,
S gpoly yield= 107:43 ‘ zr:l: \élN
s T | h @©
P | o N '
1 h:‘lim (Ge\v;lcz) 1.6 1.8
O *
+ D*/D" — Xe'v, D—-Kev,

form factors
note: use PDG2004 as PDG2006 1s

dominated by CLEO-c measurements

PRL 95, 181801 (2005);
PRL 95, 181802 (2005)

PRL. 99, 191801 (2007)
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CLEO-c semileptonic tagging analysis technique: big impact

Precision Measurements
D ey - PDG 2004
D" Ke'v *' e CLEO<c (Ee.fpb"
D° — K(K 1) e* v '—F—' .
D" — K(K w)e"v -
D’ — pretw '_*_'
D° — K(1270) e* v
D" = Xe'v ""
DF— ety | ——
D — ng"\; s
D" K" (K m)ev o=
D'—pletw """."
D'—sne*v '_*_"
DF— Xetvw '
. . . | Normalized to PDG |
-1 0 1 2

D — K/ we'v branching fractions are for 56/pb

CLEQO’s measurements most precise for ALL
modes; 4 modes observed for the first time
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D — K/ we'v without tagging

~~

Preliminary resuits FPCP 2006 now superseded

NEW

ArXiv 0712.1020 and 0712.1025 [analogous to neutrino reconstruction @ Y(4S)]

Uses neutrino reconstruction: P T o -
: : : D" - wetv, 1D"— Ke*y, _
|[dentify semileptonic decay. 800l T 8000
_ 600 1325+48 +14356+132 H6000
Reconstruct neutrino 4-momentum from o | I ]
. O 400~ 4000
all measured energy in the event. S ]
§ 2001 -2000
Use K(r), e, and missing 4-momentum © o o —ey
. . . 7] + + . D* + |
and require consistency in energy and £ 300 D" €TV, T2 7 Rs® Ve o0
c D ]
beam-energy constrained mass. & oo I 584688 3000
| + 12000
Higher efficiency than tagging but larger 100" { 11000
backgrounds ; } | ‘
0180 182 184 1.86 1.881.80 182 184 1.86 188 °

M, (GeV/c?)
M, distributions fitted simultaneously in 5 g2 bins to
obtain d(BF)/dg?. Integrate to get branching fractions
and fit to get form factors
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D —K, mwev Branching Fractions

- ]
[T
PDG (2004) ——i PDG (2004) ——
BES I i BES II L —e
LQCD (FNAL-MILC-HPQCD) ~ +————— LQCD (FNAL-MILC-HPQCD) —— bt
LQCD (Adaba) " LQCD (Adaba) —
Qch SR (Ball) + il QCD SR (Ball) +—e—i
LCSR (KRW
(KRWw) LCSR (KRWWY) : °
LCSR (WW2) ' -
LCSR (WW2) : °
CLEO-c (tag, 56 pb™) et
- ; —e—
Belle (tag, 282 fb') ot CLEO-c (tag, 56 pb’)
’ (BABAR measures Belle (tag, 282 fb") -
BABAR (no tag, 75 fb™) " relativeto D° b K 7Y) : : |
- - CLEO-c (tag, 281 pb’
CLEO:c (25,261 pb) T STl 201 P2 )
CLEO-c (notag, 281 pb™) CLEO-c (notag, 281 pb’) o
| | | | | | 1 | 1 1 I | | | | 1 1 | I |

"B’ - K e'v) x107 B’ > etv) x107

3.58(5)(5) (tag) (prelim.) _0.31(1)(1) (tag) (prelim.)
0.30(1)(1) (notag)

3.56(3)(9) (notag)

Precision measurements from BABAR/Belle/CLEO-c.
CLEO-c most precise. Theoretical precision lags experiment.
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ar G2
dqz - |f ( )| cs|
Form factor measures probablhty hadron will be formed
23 Do Ke'v,
—— LQCD mean FNAL-MILC-
LQCD Statistical HPQCD
2 LQCD Systematic
» GCLEO-c(tag) .
o CLEO-c(no tag) /
15| 4 BELLE |
o = BaBar 1
i ; |
; Assuming V =0.974

CKM Unitarity

0.5
0 I 1 i 1 I i 1 1 i | i I 1 i | 1 i I 1 I T
0 0.1 0.2 I 0.3 0.4
K fast q*(GeV?)/ MD- K at rest

Modified pole model used as example

/.(0)
(1= fm3.)(1=c:q” [m3,.)
Normalization: experiments (2%) consistent with

LQCD (10%). Theoretical precision lags.
CLEO-c prefers smaller value for shape parameter, o

fi(g®)=
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Normalization: £ (0)

o\
DV}

FOCUS (Param) +H——&—H

CLEO I H———H
Belle (2006) ——
BABAR (2007) H&H
LQcD —e—

CLEO-c (tag) »—e—t

CLEO-c (no tag) H—e—

e b by b
-0.2 0 0.2 0.4 0.6

Ok oy

LQCD (Abada) —a—i

QCD SR (Ball)

LCSR (KRWWY)

LCSR (WWZ) .
Quark Model L]

LQCD (FNAL-MILC-HPQCD) —

Belle (282 fb™) !
(BABAI

BaBar (75fb™) relative

CLEO-c (tag, 281 pb™) e

CLEO-c (no tag, 281 pb™) Hed

D —Ke'v FormFactor: test of LQCD

R measures

oD > K 7%)

04 0.6 0.8
f(0)
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D’ — ze'v Form Factor: test of LQCD

ir G

2 2
3 2
- = P\ f.(q )‘ \Vcd shape: a(7wev)  enaL-miLc-HPaCD
33 Donetv, dq 24w
s Fit to Quenched LQCD (Abada etal) cLeom "
Quenched LQCD (Abada et al) Belle (2006 I
25 L] CLEO-c (tag) (20%0)
o CLEO-c (no tag) LacD o
— 2 A BELLE Il
QE E I 'él CLEO-c (tag) ——t
w15 ] T
E + } CLEO-c (no tag) ——
- _ +]
1:_ Ly ok i‘- ; + Assuming llow band
J RN V= 0.2238+0.0029 .
03— (CKM Unitarity) -1 0 ‘o, =0.32(5)
— my ave
F(GeV?) Normalization: f,” (0)
Modified pole model used as example o Bl
f (qZ) — f+ (O) LCSR (KRWWY) e
+ (1_q2/m]27018)(1_aq2/m1270]e) LCSR (WWZ) \ o
Quark Model [ ]
NOI‘Inalization eXperimentS (4%) ConSiStent Wlth LQCD LQCD (FNAL-MILC-HPQCD) @+
(10%). CLEO-c 1s most precise.Theoretical precision lags. Belle (282 1) o
CLEO-c (tag, 281 pb™) e
The data determines |V_J|f,(q°). To extract |V, | we fit to CLEO-< (notag, 261 pb) -
V. If(q°), determine |V_|f,(0) & usef,(0) from theory o T
(ENAL-MILC-HPQCD.) Same for |V Y e "
: 34
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V. & V_4 Results

PDGI (Kev)* ———e—
CLEO-c: the most precise direct determination of V LEP Wos s .
o(|V,|)/|V.|~1.5%(expt) ©10%(theory) BESIIT (Kev) .

CLEO -c¢ V. CLEO-c (tagged) —io—i
(tagged prelim) 1.014+0.013+£0.009%+0.106 CLEO-c (untagged) o —
(untagged final) 1.015£0.010+0.011+0.106 | |

stat syst  theory o2 V| !

CLEO-c: (|V,y|)/|V.4| ~ 4.5%(expt) ©10%(theory)
vN remains most precise determination (for now)

CLEO -c V., POGMF VN T
(tagged prelim) 0.234+0.010+0.004+0.024 CLEO-c (tagged) .
(untagged final) 0.217+£0.009£0.004£0.023

CLEO-c (untagged) 2
stat syst  theory
Tagged/untagged consistent | | |
40% overlap, DO NOT AVERAGE 015 ﬂf | 025

We measure |V_|f.(0) using Becher-Hill parameterization
& f.(0) from FNAL-MILC-HPQCD.
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Unitarity Test: Compatibility of charm & beauty sectors of CKM matrix

‘Vcd &‘VCS indlreCt 1 | T T T 1 ‘ T T T 1 ‘ T T 1 | T T 1 | T T T 1 | T T 1
- B physics . ]
1)K & nucleon - S o Indirect i
- | .
V|0V | &| V| O]V, 095 - ! -
2) B thSiCS E Direct E
Indirect= global CKM fit = 1+2 __ oo B
S8 T ]
. - CLEO-c .
Vo | &| V| direct 085 Now J
(D semileptonic decays CLEO) i i
Projections to full dataset 7 > candt -
V,,)/|V.y|~2.5% @ th ' CLEO-c fulldata 1 | [HOJVM |
G( Cd ) Cd . 0 eory : Set + Few % theory I i | l\:LE\O-T 2Elmgl L1 ‘ Iej((l“‘||.‘lldelcI a‘.re\a |.llaSICII_ >|0k\95\ L1 | L 1] 1 | L1 11 |
0 uncertainties 197318 019 02 021 022 023 024 025
o(|V. ) /| V| ~1.0% @ theory + 22222 _ : v i

cd

D semileptonic decay with theory uncertainties comparable to experimental uncertainty
may lead to interesting competition between direct and indirect constraints

Plots by Sebastien Descortes-Genon & lan Shipsey

See also talk by Descotres-Genon at joint BABAR-Belle-BESII-CLEO-c Workshop 11/07, Beiji
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CLEO-c Searches for Direct CP violation in D decays

: most prnml g 1in SM: Ds Cabibb Q“nnreqqed

e HHL v (o4 \/wv AU 2 A WA

If CPV seen C abibbo allowed or DCSD it would be new physics
Technique: tag & count separately D & D

=
>
<
IS
(@)
3
B
(@)
(oW
Q)
IJ

Mode (By — | ACP - B_ (%)
A(DF — K+ 90 + 1= | lst Observation
- S = .
4LD+ —s I‘!.F+f|i‘j:| _1';' :|: 3-"" Ofthe Cablbbo
~ 8
A(D¥ — 7+ K9) o7 + 11 | Suppressed
A(DF — K+x0) 2+ 99 | deCAYS
A o o e (Mostly) Cabibbo Allowed:  ——— )0 / [)* arXiv:0709.3783
s 1 Mode D Ace (%) Mode A.;-;p (%)
& J L I K¢ H+ -49+21+09 DK gt ~0.44+0.5+0.9
I L I'—H +0.3+1.14+08 D°— K-rta’ 0.2+0.4+0.8
= ; SRR RS LS RS RALS RS LA B ; — rd [
S o rk ; _rg4+494+412 D= K atatr 0.7+05+0.9
:_" b ] —0.7+36+1.1 DY — K—ntat —054+044+09
T + F_?T+.h+.« 0 1. . .
5 +20+46+07 DT oL 1009209
@ _so+r9+08 P —>I1Ec,l?r O —0.6+1.0+£03 -
Crriati1o D+—}ﬁ5r+;. 0.3+0.9+0.3
- 'J_} S DY KgmtrtaT 00411406
270409 py plpoe 01415408

No statistically significant A, for any mode. CLEO-c best measurement all modes except
D+->KKpi. 8Ap ~1% (best case) for Cabibbo allowed, larger for Cabibbo suppressed
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D Rare decays

Dt*ortete

L

0.5 I ’ I ’ "I"‘ I
M(e*e)

In the SM 2 (D" = n'ete’) ~ 2 x 10
R-parity violating SUSY: ~ 2.4 x 10

I //
No FCNC in kaons > LD . -
charm, .
Bmixing = heavy top ¥ . "" ) 0 (_ 5
How about charm? >
If new particles are to ey < 3
appear ﬂ e
on-shell at LHC 3 ’v’f . 0.0
. . ds

they must appear in virtual
loops
and affect amplitudes

S N <47x10° @90%CL H

Q | ® ° Y °

| [ J ’ ° [ ] o ® (
AMbc of = I N T ;
2*‘ L e o' o. . *®e m;_* B(D* > rtete)
Ab,e ., . af <11.2x107° 90%CL
1 . ‘.. ..I o I ° 10;—
Ll S T F TN R T
_50 O 50 R S 3Y
S n ¥t )
Statistics limited ~AE ~ Bkgd limited M(mee

Tevatron may glimpse, study @ BES III, super B factories
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1 -

i

0L
1.40

DO
[ — I.;H'b":

e

B(D" > rmu )
<3.9%107°90%CL

[ B | T T N N N T B
1.65 1.90 2.15 240
m(m u ) (GeV/ie)



Summary Slide

CLEO-c hadronic D’, D"and D, branching fractions more precise than
PDG averages: (for D’, D" 2% precision is syst.limited) CLEO establishes charm hadronic scale

most precise: /. =(222.6%16.77,) MeV consistent with LQCD —3.7%(8 MeV) full data
Most precise: f,, =(274£10%5) MeV 30 higher than LQCD. To interpret as "prosaic”
or "exciting": calculation checks underway & radiative corrections need to be estimated
project: f,, 2.6%(7MeV) full data set lepton universality in D, D, decays is satisfied

most precise|V, |=1.015+0.010£0.011£0.106 Projections to full data set
G('Vcdl)/chdl ~ 2.5% @ theory

|
V_D/|V..|~1.0% ® theory

theory

V.,l= 0.217£0.009£0.004£0.023

most precise determination from semileptonic decay

theory

o (

Best limits on direct CPV for many D modes

Best limiton D —7e’e

CLEO-c has 800/pb @ 3770 (x3) & 600/pb at 4170 (x2) by 3/31/08
>more stringent tests of theory: fD+, fDs, D> K/mev f+(0),shape, Vcs & Ved

by summer. Longer term the charm factory mantle passes to BES III.
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Now
0.6

0.5

uﬁu

III|III!|I,-'|.|JIJ|‘IIII_

excluded area has CL > 0.95

-
[

T
e
| IIII|IIII|IIII|I

0.7 ¢

0.5

0.5
04 F

=

Plot useQ 3

Vub Vcb '\ R
from 0.2 e

exclusive
decays 0.1 |Vub/V cbl
only

excluded area has CL>0.95 | |

0 PR SR TR [ N : L

i
Lo
\

-
- sol.w/cos2
g

(excl. at CL>0.95) ‘\\\_\

p<0

\\. \
! \\,
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Search for a non-SM-like pseudoscalar Higgs
Dermisek, Gunion, McElrath propose adding to the MSSM a non-SM-like

pseudoscalar higgs a, with m,, < 2my, [hep-ph/os12031] "NMSSM”
"natural,” avoids fine tuning
evades the LEP limit M, >100 GeV since h—aya,, but a,-#bb and LEP sought b jets
a, — t*t should predominate if m_, > 2m_
Should be visible in ¥ — ya,

Experimentally, CLEO seeks monochromatic y
Use T(2S) — nan1(1S) tag to eliminate ete- — Tty background
Flag presence of t pair with two 1-prong t decays (one lepton), missing energy

Al S ACK] TERE,
T T T T T

)

photon spectrum |

Preliminary 1

b

Br (Y (1S) = yag) #Br(ag— 1
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—
o
¢

103

10+

Mass (ap) (GeV) 1600807-020
3 8 7 6 5 4
E ! T T | T T T T T T T T r r r I
- Preliminary
CUSB
ARGUS

T T
N
-
m
o

ULs improved an
order of
magnitude or
more

Rules out many,
but not all
NMSSM models

Improved a, > 77"
&a, > u'u
(c.f.Hyper-CP)

by Spring '08
41



Tos &Il f iy

Combming method 1 D > uv& D >, 7 —>nv
&method2 D, >, 7 —>ev
weighted average: f, =(274+1015) MeV

(syst. uncertainties are mostly uncorrelated between methods)
combine with /. =(222.6% 16.7757) MeV (CLEO)
fDS/fD+ =1.23+0.10£0.03

(D] »7v)
ID; - u'v)

=9.72 (Standard Model)

=>» lepton universality in purely leptonic Ds decays is satisfied at the

level of current experimental accuracy.
Aspen Jan 14 2008 CLEO-c Results lan Shipsey
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Summary of CLEO-c¢ Semileptonic Decay Results

1st observations of 4 modes ,
D'®ren,D ® hen,D ® wen,D ® K(1270)e n

B(D—> Kev) pre-CLEO-c 6B/B=6% now 2%,

V. |=1.014 +£0.013 = 0.009+0.106,,,,, (tag)

V. [=1.015£0.010£0.011x0.106

Best direct determination of Vcs
B(D~> mrev) pre-CLEO-c 3B/B=45% now 4%, most precise f+(0) & shape
V.|= 0.234£0.010+0.004+0.024,.,., (tag)

V.|l= 0217+0.009+0.004+0.023 . (notag)

(most precise determination of Vcd from semileptonic decay)
CLEO-c has 800/pb @ 3770 to analyze & 600/pb at 4170 by 3/31/08
>more stringent tests of theory for D> K/1ev f+(0) & shape
= CKM Precision expected: Vcs (syst. limited) Vcd (stat limited)

oVes o, o 017(0) . OVed 6 f7(0

- —(0-9—1-2)%@W D — me'v = (2.3-3.5)% @/’{TE)))
Many other CLEO-c semileptonic analyses not discussed. Eagerly awaiting
more precise LQCD calculations of semileptonic form factors at a variety of
q”2 with associated correlation matrix to compare to experiment.

(notag)

theory

D — Ke'v




Summary

New Physics searches in D mix, D CPV & D rare are just beginning at CLEO-c Searches at
BABAR,/Belle /CDF/D0/FOCUS have become considerably more sensitive.
All results are null. As Ldt rises CLEO-c (& BES III) will become significant players.

In charm’s role as a natural testing ground for QCD techniques there has been
solid progress. The precision with which the charm decay constant fj,, is known has already improved
from 100% to ~8%. And the D->K semileptonic form factor has be checked to 10%. A reduction

in errors for decay constants and form factors to at five - few % level is promised.

This comes at a fortuitous time, recent breakthroughs in precision lattice QCD

need detailed data to test against. Charm 1s providing that data. If the lattice passes

the charm test it can be used with increased confidence by:
BABAR/Belle/CDF/D0//LHC-b/ATLAS/CMS to achieve improved precision in
Determinations of the CKM matrix elements Vub, Vcb, Vts, and Vtd thereby maximizing
the sensitivity of heavy quark flavor physics to physics beyond the Standard Model.

Charm is enabling quark flavor physics to reach its full potential. Or in pictures....
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Plot useQ ’
Vub Vcb
from
exclusive
decays 0.1
only

excluded area has CL > 0.95

—h

TTTTTT [

~ sol.w/cos?2 G
(excl. at CL>0.95)
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Precision theory + charm = large impact

|:—' > -0.2 \D 0.2 <"—‘I_—| ID.EI | ID.BI -

Plot uses
Vub Vcb
from
exclusive
decays
only
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Precision theory + charm = large impact

\ _

T | T T : \
' \ CHM -
; itter =

Mow

) ) 0.8
) 1 1 L] 1 I ) L] L] i
9 :
T d itter
d 1000 fb™ ]
g ) CLEO< 1
B
0.4 F o -]
e [ E
03 F & -
Plot uses 3
Vub Vcb 0.2 3
from
. 0.1 ] +
exclusive B
decays 0 M R A

only 04 SO m—- m.<:|o 4 0.6
p

Aspen .




Additional Slides
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1 D reconstructed

3 DY Modes

6 D™ Modes

107
10°

107§

-
(=]

o
AL

Events / (1 MeV/c?)
2 =

Il 1
FApr—— LR
FD K

-
(=]
o
ALY

-
Q
w
T

—h
b

186 188 184 186

' ' a8 1.84

Signal shape: y(3770) line shape,
ISR, beam energy spread

& momentum resolution, Bgkd: ARGUS
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2 D’s reconstructed

= o Ni:NDDBigi
[«}} 1.8-
S 1.6 — N _
N 4.4 D’ D Ni]‘ NDDBingij
3 1.2
= Ll
S BN N, €,
gl 13575+120 B =——
2] N. €.
= J 7y
g NN. €
i 0.2 N, ;= N
0. —— . [ h L ]\]lj 818]
1.84 1.86 1.
M (GeV/c?)
%10° PRELIMINARY
1.4;
1.2f
1

8867+97
i (combined)

Events / (0.0012 GeV/c?)
=)

o o
M -

0 L T T

1.84 1.86
M (GeV/c?)

1.88

Global fit pioneered by MARK III 2x9 = 18 single
& 45= (3% + 62 ) double tag yields (y*> minimization
technique, syst, errors included) = Npp, & 9B’s g



« Historically D_— ¢11* used for normalization
* The process f;,(980)—K K" contributes to any r

¢ —K"K*" mass region \ﬂ

 Correction depends on experiment’'s mass
window, resolution, angular distribution
requirements, contribution varies from <5% to 20

g

Yield / (3 MeV/
g

>10% of observed yield (exceeds stat. b

uncertainty)=> do not quote B(D,— @11%)

» Instead produce partial K"K*1* branching for D, - K'K'n'|

K*K- mass (GeV/c?)

5,10, 15 and 20 MeV mass windows on each
side of the ¢ mass:

Value This Result B (%)
B, 1.69 4+ 0.08 £ 0.06

By 1.99 +0.10 4+ 0.05 _
Bis 214 +0.10 + 0.05 |

m2(K'*) (GeV/c?)?

N

—

n

U
Ll Ll T T
B WMo Rl

Bog  2.24 £0.11 £ 0.06 K*

0.5f

 Amplitude analysis is most appropriate to

disentangle this problem... 1
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m3(K*K’) (GeV/c?)?
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Radiative Corrections

= Not just final state radiation which is already
corrected for.

s Includes D—D*—yD—yutv. Based on calculations
of Burdman et al.

m ['(Ds)*—yutv)/ T(D*—utv) ~ 1/40 — 1/100
= Usmg narrow MM2 region makes this much smaller

= Other authors in general agreement, see Hwang
Eur. Phys. J. C46, 379 (2006), except
Korchemsky, Pirjol & Yan PRD 61, 114510 (2000)

= Wang, Chang & Feng [hep- ph/0102251] find a
S(DD cmnegtmn for T'(Ds—1*v), negligible for
UV

Aspen Jan 14 2008 CLEO-c Results lan Shipsey
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Comparison with Other Experiments

Exp. Mode B, () fpr (MeV)
CLEO-c¢ pe |7 264+ 15+ 7
CLEO-¢ 7w 7] 310 £25+8
CLEO-¢ 7 [§] 273+ 16 £ 8
CLEO-c combined o 274+ 10+ 5
Belle [9) Wty Py e 975 16+ 12
Average 274+ 10
CLEO [IU] A% 3.6+09 273+ 19+ 27T+ 33
BEATRICE [11] py 3.6+09 3124+43+£12+39
ALEPH [12] Py 3.6+0.9 282+ 19 4+ 40
ALEPH [12] T

L3 [13] u 200 + 57 + 32 + 37
OPAL [14] rty 983 + 44 + 41
BaBar [15] [y 4711046 283 +17+ 7+ 14

* CLEO-c is most precise result to date for fy & fj,

« & is an absolute measurement, specifically it does not depend on an external
normalizing mode i.e B(Ds—®Tm)

Projection:

with 0.8fb™ : 7, to ~3.7% (8 MeV)
with 0.6fb™" : £, t0 ~2.6% (7 MeV)
(BESIII several % f,, & f,,)
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ArXiv 0712.1020
ArXiv 0712.1025

Table of dB/dg?

TAEBLE VI: Summary of the efficiencies (=) and efficiency-corrected yields for each g interval and the corresponding partial
branching fractions, the total branching fractions, the branching ratice and the iscepin ratice. In all cases the first errors ars
statistical and the second are systematic.

T P I R
q° interval {GaV= /et

= 0.4 0.4 —08 o8 —-12 1216 =16 Total
D" — 7 eTre
= (%) 149.4 1.0 pLat i E 224 -

Yield 1452(118)(40)  1208(102)(35)  1242(00)(36)  00G(S5)(20)  1357(103)(46) -
Bla—etue) (%) 0.071(6)(3)  0.060(5)(2)  006L(5)(2)  0045(4)(2)  0.067(5)(3)  0.303(11)(9)
D% —w a'e%ee

< (%) 7.8 8.0 7.0 72 5.7 :

Yield 1370(168)(50)  1584(180)(61) 1012(154)(48) 1028(158)(25) 1101(174)(47) -
Blaletre)(%) 0.086(10)(4)  0.008(11)(4)  0.063(8)(3)  0064(10)(2)  C.068(11)(3) 0.379(22)(14)
D" — K et

= (%) 19.2 20.5 20.0 18.% 1349 -

Yield 20701(441)(569) 21600(377)(473) 14032(304)(301) TOO1{225)(178) 991(112)(20) -
B(F—etue) (%) 146(2)(4) 1.06(2)(3) 0601(15)(10)  0.345(11)(10) 0.049(6)(1)  3.61(3)(9)

DT — K et

= (%) 11.7 12.3 12.5 12,2 12.5 -

Yield 10480(466)(417) 14422(415)(306) 9009(327)(104) 4656(236)(107) 789(104)(26) —
BIR e ve) (%) 35L(E)(10)  2.60(¢)(7) L62(6)(5) 0.838(43)(24)  0.142(19)(5)  5.00(13)(24)
Ro(%) 480(30)(12)  5.50(48)(12)  B8S(TA)(15)  12.0(13)(2)  137(19)(3)  8.41(32)(13)
R4(%) 244(30)(0)  270(45)(13)  287(ELI(1T) T2  4B(10)(2)  4.36(27)(12)
I 212(31)(10)  153(22)(7)  2.47(43)(14)  L7T(32)(T)  2.48(45){13) 2.03(14)(9)
Ix 1.06(3){4) 1.04{4)(4) 1.08(5){(4) 104(6)4)  O8TI15)4)  L.06(2)(d)

Don't read the table instead

see plots on the next slides that

interpret the table.
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f+(0)Vcx & Shape Parameter(s) Fit Results

ArXiv 07121020 untagged analysis
 ArXiv 07121025

meries Parameterization - Three Parameter Fits
Decay  ao i az oor oz e [Vegfplon 14+1/8-4 p x*/d.o.f
ety 0.045(29(1) -0.18(7)(2) 0.03(35)(12) 0.81 0.71 096 0.141(7)(3) 1.30(37){12) -0.85  1.02/2
e, 0.044(3)(1) -0.23(11)(2)  -0.60(58)(15) 0.80 0.67 0.05 0.140(11){4) 1.58(60)(13) -0.85 284/
K—ety, 0.0235(3)(3
i3

[
0000(21)(T)  0.63(28)(6) 0.60 0.55 0096 0.752(0)(10) 0.62(13)(4) -061  0.23/2
Ry, n0226(4)

i

)
) 0.010(32)(T)  OTT(42)(8) 072 0.63 0.96 0.741(14)(11) 0.51(20)(4) -0.72  1.66/2
Series Parameterization - Two Parameter Fits

Diecay  ao iq i |Veg| F () 141/ -8 p v2 jd.o.f
mety, 0.045(2)(1) -017TS(19)(T)  0.65 0.141(5)(2) 1.27(12)(4)  -0.80 1.92/3
metu. 0.046(21(1) -0.125(30)(9)  0.68 0.148(T)(4) 1LO1(16)(5)  -0.78 3.98 /3
K—ety, 0.0231(2)(3) -0.047(6)(3)  0.33 0.730(6)(2) 0.86(4)(2)  -0.42 3.73/3
E%ty, 0.0218(3)(3) -0.046(9)(4)  0.53 0.721(100(11)  0.87(6)(3)  -0.50 4.42 /3

simple Pole Model Fits Modified Pole Model Fits
Decay [Vl (D) mpae (GeV /c") p y2/d.o.f | Vgl £y (0 it P v/ daodf
ety 0.147(4)(3) 1.87(3)(1) 0.70 3.11/3 0.142(4)(3) 0.37(8)(3) -0.74  2.01/3
et 0.150(6)(4) 1.07(T)(2) 0.71 4.42/3 0.148(7)(4)  0.14(16)(5) -0.76  4.07/3
K—ety, 0.740(5)(0) 1.97(3)(2) 0.38 2.67/3 0.738(6)(9)  0.21(5)(3)  -0.41  4.32/3
K%t u, 0.7T1T(R)(11) 1.96(4)(2) 0.56 4.08/ 0.715(99(11) 0.22(81(4) -0.58  5.26/
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D — w/Kev Which Form Factor Parameterization?
Need to select 1 parameterization to measure intercept & determine

f.(0)Vcx, then use theory value of £ (0) to obtain Vcx

® pata — Simple Pole Modifled Pole = Serles(2) ~— Serles(3)

Form factor fits to
partial branching
fraction results in
five g° ranges
normalized to Hill
series
parameterization
(Untagged shown)

D° > wetv, H° > K e*v, 1.2

(¥
——
|

—
T L —

n

AI/AL Series(3)

05 1 15 2 25 T05 1 15
o? (GeViich
« The confidence levels for all parameterizations are good, when shape
parameters are not fixed to their model values

» As data does not support the physical basis for the pole & modified pole models

=>use the model independent Becher-Hill series parameterization for Vcx 55
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DATA CROSS CHECK : ISOSPIN INVARIANCE

" =1/2
Removing the kinematic terms f.(a%)|~ {Ari o f (m)ev) , P,
reveals the form factor

(which varies by only a factor ~2 (~3) Isospin (D! Sk oyl F( N g
across phase space for Kev (7ev))  ipvariance TI(D’ — 7 ev)=2- F(D+ S ﬂ'oe‘/)

Vcs(cd)

i

E o D°> mwetv, E: o D°5 Ketv, ]
25 - i
N = D*— nle'v, 1 = D*— 'Roe““ve } i

. } 1 —{1.5
2 1 -
Vcs(cd) f+(q2):_ % % %} _:: *Q f # :
1= ﬁ § —+ ° f -
N p *q, F T e ¥® * 7]
¥ T ;

o T 2 0 . 05 1 15
)

The g spectra for isospin conjugate pairs are consistent a, unique
to CLEO-c, powerful cross check of our understanding of the data
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Compatibility between charm and beauty sectors of CKM matrix

1 T T 1 T T 1 T T 1 | LI | T 11

Theory errors reduce to 1-2% -
B factoroes

and full CLEO data set 095

0.9

V.

0.8

% exciuded area has CL = 0.85

201z

ﬂ-TE | | 1 | 1 1 | L1 1 1 | 1 11 | 1 |
0.19 0.2 0.21 0.22 0.23 0.24

cd
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y Results: x 10¢ (90% CL)
(D" = m'e'e”) (prev.45)

(stat, limited)

CLEO-c 0.28/fb BABAR 288/fb

7.4 1

1.2

(background limited)

B(D' >ty 1) <4.7x107° @90% CL Best Limit (1/fb)
| B(D" >t > mtuti )< (1.75£0.7£0.5)x10°(long distance seen)

Limits are ~x4 above SM rates

BESIIL: If D" = wt'e’e™ is

@ SM level =>»~2 evt/fb

D" = wtete  /pup ,DY = wlete /up
—~50 events'

If events cluster well away from ¢/p/w!
Smoking gun for new physics!

Superflavour facility @ 10GeV large
backgrounds BUT @wy(3770)

D" = m'e'e ~3000 events (low bkgd)
also D' = n’e*e accessible.

e+e- 1s unique probe of the rare

decay frontier
Aspen Jan 14 2008 CLEO-c Results lan Shipsey

G. Burdman and I. Shipsey
Ann. Rev. Nucl. Part. Sci. 53 431

(2003) arXivhep-ph/0310076

tion (MeV/c?)

|

o(m(r*0))’[

o
| T

Dilepton Mass R

- —— T(45) > D*X, D* > ntee” -

J— ", mee -
3770)—D*D", D* > n*e*

0.5 0.9 1.3 1.7

m(€+€—)i(GeV 2 i,



Precision Quar'k Flavor Physics

The (llbeVCI"y pOl@Illel of B pﬂyblbb

0s 5 — sm, & am, . ™1  AtBABAR/Belle/CDF/D0/ LHC-b
o5 a — | y - 4 islimited by systematic errTors from
. L S~ P R Y4 QCD: < L
P = _e E 2 V
PR TR « = n
0.2 =~ . = Bor 2 2
0.1 P _— = < |:f (q):| v
" a. 1 Z Y 2 1 ! 7 .I " 1 ﬁ 1 ]
q0.4 0.2 0 0.2 0.4 0.6 0.8 1
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Precision theory + charm = large 1impact

NOW E U 2 Y| 5 x i | I E
0.6 — 2 Am —:
— = d ! :
0.5 o C e : / =
— 5 .Y =
77 ) : = ~ E
= - ¥ 2> s
03 = % _ ‘ —
e = a =l
31{ =
0.2 == =
0.1 =

0 a | | I | B |

:h
o
N
o
o
N

ﬁ
o
-]
o
(-]
-
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£ 2 sz
e DBagng 2007

- k4
05—

o

no-mixing point

excluded at 6.6c
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Comparison to other measurements D° —K-r*

BN $ TUEN: & (%) Error(%) | Source
CLEO & ALEPH -7+~ %
D**_tD°. D° Kt tt 3.82+0.07+0.12 3.6 CLEO
compare to: thmst‘& 3.90+0.09+0.12 3.8 ALEPH
D**—>ntDo D° — unobserved 3.80 +£0.09 24 PDGO04
(Q~6MeV) 3.891+0.035 +0.069 2.0 CLEO-c
T i arXiv:0709.3783 to appear in PRD
10000 205 < p, < 250 -
: S Systematics limited 2%
5000 |- _ e .
N NOW: N
[ J: i LB B N L T
' i x10 Mark | |
~ 10000 lk\j75 < pr <300 f’ 605 D’ K1t Mz:k N !
8 5000 |- *’j - 3;350:— Mark Il HE——
S — * g 0- CLEO-c .I::ESFH a1 I-—I-—-l--H--|—I
§ 10000 325 < p, < 350 4— %30; ARGLUS (D7) e
* 5000 | E - ARGUS (B) F————H
: | w20r ALEPH 97 e
o—————F—+—] 10:_ CLEQ |l averoge Hlil
ook 375 < pa < 400 ci — J . ;EZ; m
s000 | g 18 wGeviey CLEO- &
; ] ' M e | PR
ob— N CLEO-c (not in 1o 0320 -Z-.IZIElI:-Ijl 0 li_ﬂrl':lh 108 (LRl
oo > - PDGO04 average) B(DO—K-7)

siNn“a _ 62
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Measurement of fD¢" (at 4170 MeV)

IO, »7'v)

= —9.72
(D, —u'v)

Here expect in SM R

)D, > u'vandD, >7'v,7° > av
| PRL 99 071802 (2007)
in D tagged events PRD 76 072002 (2007)

2D, >V, T —>e' v
. arXiv:0712.1175
in D tagged events

(Submitted to PRL Dec 12 2007)
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Unitarity Test: Compatibility of charm & beauty sectors of CKM matrix

BU.lld a test f()r ‘Vcd ‘ & ‘Vcs B ph?/Sl?S| g}olb?l |ﬁE I I B B o e B —
L indirect =
: @
. . g - uncertainties N
Determine |V,,|&|V,,|indirectly 0931 ]
(K & B decays + SM) - ]
09— —
;g B i
Determine ‘Vcd & ‘VCS directly = [ Nucleon&XKaon 1
(D decays CLEO) N 1
i Vcd neutrinos |
0.8~ Ves W decays
Determine compatibility between B 1
.F) ] y : % excluded arsa has CL=0.85 :

the two detern’nnatl()ns H'Tg A T T T T T T T T [T T O N

19 0.2 0.21 0.22 0.23 0.24

cd

D semileptonic with theory uncertainties comparable to experimental uncertainty
May lead to interesting competition between direct and indirect constraints

Plots by Sebastien Descortes Genon & Ian Shipsey
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L ARAS LARES LA MRS RARES RASAS RARE
L “"F-EP_IW:I;“-‘-' Indirect 1
0.95
09— —
— J
o J
2 7
= . J
0.85 : Direct
I8 ]
|
o,a; Kand N ]
i ]
I E‘;“" excluded area has CL > 0.95 i
0.7 I L..l.‘:.L t.z.ﬁ.al..k..l L l..l L l | - | Ll Ll | Ll Ll | -
8.13 0.19 0.2 0.21 022 023 024 025
v
cd
Ves Ved CLEO-¢ now + lattice 0%
1 L | LI '| LI B | Trrr [ TT171 | T T 17T _}
i B physics Indirect |
r B TR e il
e L =
0.95 — .
- ]
r Direct ]
09— =
“n
o
> | ]
0.85 =
0.8 i Kand N
_I |CLI:(}=‘;¢.G; excluded area has CL > 0.95 A
ST l.L.l 111 J...J. oo J Ll | L L1 .I L L1 l L L L)

0.7
018 0.19 0.2 021 022 023 024 025

cd

Aspen Jan 14 2008 CLEO-c Results lan Shipsey

CLEO at 800/pb Ves 0.9% Vcs 2.3% , lattice 6%

= -_ B physics Indirect _
0.95 — il
L Direct |
0.9
- r Bl
o
> -
0.85 [
0.8 — Kand N —
I_ |c\.sé Liar excluded area has CL > 0.95 i
uTslll‘I:ATuliJJlllll FENEI I IS

Summer 2007 Vcs Vced neutrino

1[_....].... LIS B
B physics

e — - Indirect |

0.95;

Direct
0.9 —

ek 7

IVl

0.85

—r

.l —r—1—r
L

Kand N —

Summes 2007

0.7 lJ.JJ.J.IJJ..J.I.ll...lllIJ]I.JJJ.]!lJJllllI_
3.18 0.19 0.2 021 022 023 024 025

cd

Ves Ved CLEO-c now + lattice 11%

1r'l|[1|r‘.||r|r'|||.'|r-.|||'|.'|1|.'||

0.18 0.19 0.2 0.21 0.22 0.23 0.24 0.25
cd

65



This
Decade

2008
& beyond

The
Lattice

Charm: The Context

Flavor physics is in the “sin 2[3 era’ akin to precision Z.
Over constrain CKM matrix with precision measurements
Discovery potential 1s limited by systematic errors

from non-perturbative QCD

LHC may uncover strongly coupled sectors in the physics
Beyond the Standard Model. The ILC will study them.
Strongly coupled field theories—=> an outstanding challenge
to theory. Critical need: reliable theoretical techniques

& detailed data to calibrate them

Complete definition of pert. and non-pert. QCD Goal:
Calculate B, D, Y, y to 5% 1n a few years, and a few %
longer term.

Charm can provide data to test & calibrate non-pert. QCD techniques
such as the lattice (especially true at charm threshold)=» CLEO-c
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Precision theory? Lattice QCD

I
BEFORE |

Quenched +——
10-15% -
precision s

i

il

]

0.9 1 1.1

theory-expt
expt '
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3me - my
me,
Y(1P-1S)
2111Bs Sy
Y(35-1S)
Y(2P-1S)
Y(1P-1S)
Y(1D-15)



fy,from Absolute Br(D™ — L*V)

2 2 D D N\2 2 a2
MM I (Ebeam o Eﬂ) _ (_PD l‘ag o P/u) 5W Mch
« MC 1.7 fb!, 6 x data
e
600_— D*—H>1K°
B 1 50 [ i
400_ . |
: :::Osignal D+—>].l+\’
200__ — 1ty temhy |
— sum

0 0.25 0.50

MM?*(GeV?)
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Semileptonic Decay Form Factors

G
M(D° = l'v)=—i—fam Fm Vch H*

@_ m + mK(”) B 2‘(7’) Squared

4-
\ In D rest frame momentum
ch
transfer

N
A A
T 2D oLy
. Dy g D
. A T v
1 Y .
o A T .
T N i, s
“I‘l OO ayar
e L TR
S - =y b
£ 2, & Py 9
., - = ‘s

Matrix element expressed as form-factors (for D—Pseudoscalar A*v)
simplest case for expt. and theory

HY = <P(PD)‘Jﬂ | D(PK,,,)> = (@ )P, +B), + (@ NP ,—F,),

a’F(D+ — K,?Z'eV) _ G p3
dq’ 2477 7
form factor measures probability final state hadron will be formed
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For A =¢, f (q?)—0:
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(11) Form Factor Parameterizations

I general: /)= R

— Vi mgzaole
< |- Single pole f.(g") = (1_]‘;(0)2 Injﬁf:(l)*)
%_< q /mpole> pole S
d /.(0)

- 2
. Modified Pole /:(¢7)=
- ' (l_qz/mlzoole)(l_aqz/mfaole)
(Allows for additional poles)
Series Expansion Hill & Becher, Phys. Lett. B 633, 61 (2006)

\E — —\/l‘ —1, 2
thefunctlonz(q 1) = t=q’=(P,—P.) t =(M,+m;)",
V=g i e

judpuadapur
AIQPOI/\[

maps the physical q° region into -0.05<z<0.05 ; D — Kev C"n_:ﬁrges
rapi —>

form factors can be written as: £, (¢°) = Z a, (t,)[z(q°,t,)]" hfearyor
accounts for D pole = P(q )¢‘(2 = quadratic

calculable function to make a,'s look simple

Experiment probes both the form factor magnitude & parameterization
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For fds we are ~30 above the
most recent & precise
LQCD calculation (Follana
HPQCD. Possibilities:

The calculation is not correct

This is evidence for new
physics that interferes
constructively with SM

Note: 2HDM is always
destructive int. so no value
of M, is allowed in 2HDM
@99.5% CL

Comparing measured fDs/fD+

with Follana, and taking the
90% CL lower limit we find
m,;>2.2 GeV tanf

Using Follana ratio find
IV.q/V.|=0.217£0.019
{exp}£0.002(theory)
CLEO statistically limited —
more data is on the way!

Comparison with theory

CLEQ D, —jiv,7v [T—mv)
Final MarchlT, 31idab

[ o o
CLED Dy —1v (t—sEw] | bowoA
CLED sverage P
274 +£10+5
W 24143)

=

Ungquenshed LOCD

Fol ki [ o FE. 1 T2E]

Unguénched LOOD
Aaghiir, PR 55172007 200

Quenched L. (QCD5F)
Al ey hep-a 01 5

Quenchad L. [Taiwan)
il PLE B4, 71 20051

Quenchied L (UKGCD) |
Ll o h. PRI G4 DRMEDT 2001

3

I

Lattic
Becec P 60, BP4501 (595 | HH
Sum Rule
tosra i | e
——

0D Sweri Rules
Marisan, hep-ph/IZ 0EZ00

Ouark Model a
b, PLH 635, 8 05

(puark Moedel
Chvesic, FLE 556, 34 2]

Light Front QM Linear
Crl hap- AT D1 263 | .
ight Front QM HO |
Llnﬂ'l:ll.hlﬂ-mlﬂl[llﬁﬂ L]
Potential Model .
W, ML Preec A 184, 156 ()

Light Frent QCD .
Sakcada, Braz ). 4, 10T M)

Amurd sen, E-EIII?,;ED-: f | | ,

——

AT,

FRLES, 251807 (20407
= =

22341743
[ e

|

=
i
HEH
-

e

==

.
——
.
.
.
[
——

—a—
1.23 4010 + 0.03

0 1. 18209)

—a—
L]
-
HEH
L
i
3 2l
.
]
]
L ]

20 250 300

fﬂ.-. (MeV)

20d
f., (MeV)

300

1 12 14
Rl B



Lattice Prediction shape and absolute normalization

FNAL-MILC-
HPQCD
= D-Ke'v,
—— LQCD mean
o LQGCD Statistical

LQCD Systematic

FNAL-MILC-HPQCD
uses mod. pole model
To fit for form factor from
“calculated”points

at fixed g2
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1 0-1 1

1 | 1 1 1 | 1
0.2 0.3 0.4

q*(GeV?)M,
s Curve courtesy
Andreaas
Kronfeld
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ArXiv 0712.1020

ArXiv 0712.1025 dB/d q2

untagged analysis

= 0 = _aF
D’ > ety D’ —> K e'v
3600307-009 3600307-010
All g? (GeV?/c?) I ?<0.4 (GeV?/c?) 1200 8000 | All g2 (GeV?/c?) 1 2 <0.4 (GeV3/c?
800 | 1 I 13000
500 6000 | 1
t 42000
400 100 4000 | 1
200l 2000 | 11000
0 . = " 0 0 . = ‘fr—l-'_ -’ = ‘A_ivJ-—l'v 0
o 04<¢’°<0.8 (GeVc") [ 08<g’<1.2(GeV?/c") {200 o 0.4 <q?<0.8 (GeV?/c? 0.8 <g?<1.2 (GeV?/c?
L Q - 11500
S 150 S
) @ 2000 | T
% 1100 %
ot + 1000 | -
o 50 = - 1500
> > {
0 . e 0 0= - ' - - ' 0
50} 1-2< o’ <1.6 (GeV?/ch) | 1.6 <q? (GeV3/ch) {500 1.2<q?<1.6 (GeV/c*) | 1.6<q (GeV?/c?)
600 | 1 60
100 a00l . 40
1100 )
50 200} : 20
-——H:‘Jv & i
0 0 0 0
18 182 184 186 188 1.8 1.82 184 1.86 1.88 18 1.82 184 186 188 1.8 1.82 1.84 1.86 1.88
M,. (GeV/c?) M,. (GeV/c?)
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A -
g L

£

5 I

E 200

S ﬁ X30 MARK III
2 X15 BES 11

j Ldt

BES-II
Mark-Ill
0 I

Experiments

w(3770) —DD

281 pb”' =1.8x10°DD  Results today 314 pb” ~3x10° D' D,

800 pb'collected
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CLEO-c

Integrated Luminosity (pb")

=
(=]
o

200

100

300

World’s largest data sets at charm threshold

"\s = 4.170 GeV

BES-I
L

Mark-Ill

CLEO-c

Experiments

4170 — D D,

expect to collect ~ 600pb™ )

4



Comparison to other measurements D° —K-r*
BABAR use B partial Z (%) Error(%) | Source

reconstruction 3.8240.0740.12 3.6 CLEO

B—>D"tv,D" - Dz* 3.90+0.09+0.12 3.8 | ALEPH
D' — K-t 3.80 +0.09 2.4 PDG04
3.89140.035 +0.069 2.0 CLEO-c

compareto
4.007 +0.037 +0.070 2.0 BABAR
+ 0
¥4 s D > unobserved Systematics limited 2%
2 arXiv:0704.2080
x10 FDG 2004 )
— F —0 w LA L L L L LI | L
Yo 4000- 1B —>DIV (a) 2 .
v I ) x10 arXiv:0709.3783 Mark |
N} 3500__ KXJB—=D lv C Du_) K Tc'l' Mark II
B . F —i .
& %" mmm Other Peaking F
~ 2222-_ BB combinatorial E il k
; r . E HRS [
2 1500 [ WM continuum o = CLEO-c
s r A XIS o“o’o’o%‘:‘:’:'o’?:::’:‘0o C ALEFPH 21 ——a—1
U 1000 g ‘o‘0i::’:’:‘:‘«':’:’:%o’o‘o°:°:°0°0°o‘o‘o’o’o’t"ovooo C c
B s - AHEBEY e
— :.o.o.ooo::’o’o’o’o’o.o,oo otetelotelo i tetetetar X ’-.-1,"“ C ARGUS [:B}
L SRS _ H_'_"_'
1600 - (b) - ALERH 97 E
1200 P TR AG 000’.0’0’0"’0’:’:’:.’.’0’0‘. C l?-H
’o C [l :
800 ;.:.:::.,:o:ozoz? Wrong charge & ,., E CLEO Il average ”'i'
400 ’:.E.E.E§.§3§1§2§2§2§.;.:.:¢;.:::;.:.:...:.:.:.::.:.:.:.:.::E‘;.E’:.- r BES I H=-g—H
"atelele! C H
ol D . RO = o . - : [ = BARAR il
-10 -8 -6 4 2 5 42 1.84 186 1.88 :
M . (Gev /) M (GeVic?) CLED=c H
\. L Il 1 '] I L 1 '] 1 I L Il 1 L! I Il 1 '] 1 I L - ']
. 10 0020 0030 (o0 0,080 L]
BABAR must know background shapes well CLEO-c (not in B(DO—K-1+
. db

PDGO04 average)
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New Physics Possibilities 11

* Leptonic decay rate is modified by H*
» Can calculate in SUSY as function of m,/m,

* |n 2HDM predicted
decay width is x by

2 2 E Jb"'.-.- "l'l\s..ﬁ‘ "
, | tan 8 m, a 3
’/' = 1 - M P ~-'. “;.
q D - . Al E
M . m_+m S s
\ s/ ¢ q

107

0.9 [ | *
Meas rate/ m,/m.=0.1 5
Since my is ~0, effect SMrate |
can be seen only in Dy - From Akeroyd
Akeryod [hep-ph/0308260] 08 frmmtins AR NESEI NERUIY J
Aspen Jan 14 2008 GLEO-c Resuls Ian Shipsey tanf/m, o



D" >7tv,tt > x'v

- " Track consistent with
D tag + single & track 120 ~ (e 4300 MeV)
. . . . 12 i
two v :use intermediate MM~ region i s L] @
event yields consistent | 4} | J
af Ml n (b) [] | | L |
BR(D+9 Tt \BD B ] -1 05010 015 ]
Fals 3 1 L
In SM: B ___‘,f ] b —1J
o -z sl ol 4 | 5 ol
R= (D —>7v) — | 1= | 0.00 0.10 1 v W b/
+ + T i g J 1 : .
F(D —H V) j;D B J)J ﬂ‘ | ] 8 evts 'I;tr+a C(kEz:n>Sl§g)%nlt/IV:\t/r;
& our measurement ¢ | ‘L lﬁ | 5 L :
[ apm e e o .I_‘“—r"
wCe ﬁnd 0 0.00 0.25 0. ]
MMZ [GEVE] 0.00 0.0 I ‘|L ]
R0/ Rg, <1.8at90v CL TEa [t
First measurement of R l l‘ ;
PR B W —m -
=> lepton universality 08 e S

in purely leptonic D decays is satisfied at the

level of current experimental accuracy. PRD73 112005 (2006)
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D, —u"v and T7(nV)V

* Require one additional track and no extra shower in CC with > 300 MeV
« Calculate missing mass in the event to infer the neutrino(s):

MM (ECM_ DS—tag_E7/ E (7[)) (_ DS—tag_py/_plu)z

1000 p— , ,

- D—u'v D —t'(mv)v

fal -

500 -

o
=
T ] | T T T T

Resolution checked
with D{ — K°K*

1n data

Arbitrary Scale

8

260

0 0,10 0,00 0,10 CED, 0.00 0.40 0.80
Note different scale




Comparison with theory

CLEO fd consistent with calculations
CLEO fds is higher than mos

calculations indicating an absen®®®_iimoom -
of the suppression expected for aieon: —+n ew) 4| | pe
H+ CLED sverage . sk L —a—
i.e. 2HDM is always destructive int. SQyuuenneaoco | 3000 | | 700 | [M2#0 0500
no value of M, is allowed in 2HDM uquenches iaco o o .
@99.5% CL Quenched L (0C0S"
A1 K, hep-a LTI 5 | i - -
Our fds is ~30 above the most recent.nmedv. raiwan
E:H!.H.H-E-;.‘-ITI-EW‘SI HeH Hi HE&H
& precise LQCD calculation Quenched . (KQCD) | g, s -
(Follana) HPQCD. skl
- - =

This discrepancy should be watched“"“mﬁ |
B II.]EQ—fd consistent wath calculafions i

e II,EOJ.Lk.ls higher thansmos ca]:culatiom.indic'r:ring ‘
Comparing measured fDs/fD+ oo Quark Modiie, 2HDM i alwarys destrugtive int. so nqgvalue ¢f M1
with Follana m%‘:ﬂa’f"ﬂhr i;s is ~3¢ ab;lve ;‘lllf;most lzc«;nt &.precise LQCI
. , s discrepancy|should be watchie(
m,;>2.2 GeV tanf @90% CL Light Frant am Linesr” 11> CQETEPANEY . .
mmtmmﬂumfﬁ(imf)armg measured fDs/fD+ .
Using Follana fDs/fD+ find: mmmmu’ﬁﬂdh Folla . .
1=0.217+0.019 sisgn L Front 20O H>2.2 GeV tanfl @90% €L .
‘Zex )£0.002(theory) sy ==
Using Follan s/TDTfi R

[Ved fVcMM 7+0. Ofl 9 mjt() 002(thf0r}l)f



— K/ e'v without tagging
Preliminary results FPCP 2006
- 1st presentation of final results this talk

ArXiv 0712.1020 and 0712.1025 Untagged CLEO-c analysis:
[analogous to neutrino reconstruction @ Y(4S)]

I:)VEF)miss=Pevent — I:)visible ‘D' wetv, ID°— Ke'y, ]
800 T 8000
q (P +P’ mISS) 600- 1325+48 114356+132 J6000
"o 400 i Jaoo0
’ —_ - — > [ ]
P miss_BPmiss (B gives AE=0) < 200 12000
© o . o —_ o
.,2. 300 D* - et Vo +D*— KS e* Va 14000
S| . _
= 3000
ITIAE 5846+88
A — 200 ]
AE=Eg+E. + |pmiss| - Epeam - o0
M, . = \/E2 — ( + + N’ )2 100_— 41000
C beam pK pe p miss e S UL ‘0

180 182 1.84 1.86 188180 1.2 184 186 1.88
M, (GeV/c?)

M, distributions fitted simultaneously in 5 g2 bins to
obtain d(BF)/dg?. Integrate to get branching fractions
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D — K/ we'v without tagging

1) Tagged CLEO-c analysis: 2) Untagged CLEO-c analysis:
(preliminary ICHEPOG final results early '08) [analogous to neutrino reconstruction @ Y(4S)]

ArXiv 0712.1020 and 0712.1025

«_D°>sietv | D= K e'v| -
= [ 0 - ot 1 0 Iy
180F 1 i D" — wety, 1D"— Ke*y, .
_160F 800 T 18000
2 140E 699128 6796184 : 1 ]
S 120f 600 1325+48 +14356+132 H6000
- 100 E— o r T ]
G 80 O 400 T -4000
@ o i > 1 ]
£ Q T 5
401 200 T 12000
200 ; = 1 :
T ——— ey — @ o/ e 0
L +
ol [ DF = ety D' >K e’y ..2. s00- D" — T ety +D*— Ky e*v, 4000
= I E a | |
= b g S ]
:” - 2910+5 T 500 5846+88 3000
E 30:— é: I 12000
= 200 3 100 -
: 3 11000
10 g r 4
: o L - i, ,,,,E_ 0 I L I N S e e e e e ——— 0
_3_ LG _|": 0 D.II15 n_|1 u_‘||5 ul_z 0. 30150 1.0.05 -0 0.05 01 015 0.2 0.25 180 182 184 186 1.881.80 1.822 184 1.86 1.88
U = Episs™ [Prissl (GeV) My, (GeVie?)

The untagged analysis has larger signal yields
and larger backgrounds.
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M
: pole

Mark lll  +——t—— ,
E601 : 1 pole model describes D — Kev
CLEO (1991) | . i but not when the pole mass
CLEO (1993) R is the spectrocopic pole M (D;)
E687 (Tag) s . '
E687 (Incl) H——t m_, (GeV)
CLEO (2004) P
FOCUS (2004) ot CLEOctag  1.96(3)(1)
Belle (2006) ot CLEOc notag 1.97(3)(1)
BABAR (2007) -
PRELIMINARY ~ CLEO-c (tag) Fd PDG : M (D) =(2112.0£0.6)MeV
CLEO-c (no tag) Fe |
World Average (2007) "— <M, =(1901£14)MeV >
I | | 1

' R R ! T S S T S | \
1 1.5 2 2.5

M, (GeV/c?) ~140 discrepancy
* CLEO-c 18! measurements of Mpole forr D*
important consistency check [CLEO-c no tag used similar situation for D — wev

« BABAR most precise D—Ke*vy

_ in world average] but limited statistics — more data,,
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Test of LQCD FNAL-MILC-HPQCD

a(KeV) LQCD (Abada) —— fj( (O)
FOCUS (Param) QCD SR (Ball) | .
CLEO NI — et LCSR (KRWWY) ———
Belle (2006) P LCSR (WWZ) .
BABAR (2007) o Quark Model L]
LQCD (FNAL-MILC-HPQCD) e+
Lacb —e—
Belle (282 fb™) ok
CLEO< (tag) +—e— BaBar (751b™) (]
CLEO-c (no tag) H—@— CLEO-c (tag, 281 pb™) toi
CLEO-c (no tag, 281 pb™) hod
I-0'.2I I I6I ‘ ‘0.|2I | I014I | ‘O.IBI | | |
ou(Kev) BK
K
0.22(5)(2) (tag) paramterization £7(0) Assuming
0.21(5)(3) (nota o~1.75 o 22V Ltag) Ve=0.9745
orid sveege] 0 50( 4)( | (t Lg)CD CLEO-c values - 00@)9) (notag) - (CHM
in world average - v
w1 0.50(4)(syst(LQED) S 0736)(7)  (LQep) Unitarity)

0.40(2) (my world avg) ~ 27caway
FNAL-MILC-HPQCD

CLEO prefers smaller slope o

my world avg . . .
#Sef?’t:cnoclf- po'fe ”:"d?' S Normalization: experiments (2%)
O TIT TOr Torm rtactor 1rom . .
“calculated’points fitto exptf,(q°) consistent Wlth LQCD (10%)
at fixed g* distributions Theoretical precision lags
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@)D" 5 7o'y Testof shape and absolute normalization f,(q?)

! LQCD (Adaba) —e—i !
CLEO ' o | QCD SR (Ball) |
LCSR (KRWWY) ——
Belle (2006) H——@——H
LCSR (WW2) b e
FNAL-MILC-
H PQCD Lach e Quark Model ®
CLEO-c (tag) LQCD (FNAL-MILC-HPQCD) e
Belle (282 fb™) H@H
CLEO-c (no tag) —a— "
CLEO-c (tag, 281 pb’) o
CLEO-c (no tag, 281 pb™) B
-1 I 1 1 1 ] 1 L 1 ] | | 1 I | | | I 1

—)

| 1 1 | L | | 1 I 1 1 | | I | 1
-0.5 0 0.5
. 0 0. 2 D .4 0. 6 u .8

Shape: Experiments compatible with LQCD  Assuming V., =0.2238+0.0029
Normalization: experiments (4%) (CKM Unitarity)
consistent with LQCD (10%) Theoretical precision lags
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Becher-Hill Parameterization PRELIMINARY

Hill & Becher, Phys, Lett. B 633, 61 2006
*Physical basis of pole and modified pole models not supported by data

Becher-Hill adavantages: model independent,

*shape variable “physically meaningful” slope at =0

(1) Facilitates: future expt. test of LQCD (FNAL-MILC-HPCQD now using it) .

(2) D/B Measurements: the a, in D->7 constrain class of form factors fi(z)= £(0)1 + 4, 8
needed to fit B>w hence improve determination of Vub 4
(3) In HQET direct relations between a, in D and B

—

S | D' ety D’ > Ke*v

214 P 1.1

S | i

o 1.2f 1.0

1 i

N N

= 1.0f 0.9

S ]

% 0.8f z

P : D—>Kev 0—1.9 —0.05—+0.05

e — _ _ _

= [7=0 o Dz 0-30 ~0.165-40.165
-0.17 -Z 0.17 -0.05 -7 0.05

Parameterization describes data well Quadratic a, not well- determined with
current statistics.
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amivorzios . Form Factor Fit Plots  smrc  SESEEEES

Modified pole pole

‘ . £.(0)
90 S T ?+1 ; (x2)1 F s 2lety ) = N
= 4 =g /Mg )\1—Cq [, |
- 2
= l dal'. _ G; P |f(q 2‘\/ 2 sE — Simple Pole
- il 5 Fen (@) [Ves - Modified Pol
= q 24rx = | odified Pole
"-;; - _ _ . 43—
£ sE \ 0" —>0 ie P-wavg e
N “E
¢ °F | = |
__.g 2.5:— T 2_55_
— C -
<] 2 2:_
- 150
15E- - 1s' measurement
: | 'I:— L
1= | | L | r.l == A B T A
L] 05 1 i5 2 25 L] 05 1 i5 2 25
0 N q* (GeV)’ q* (GeV)’
D > Kev + 0 +
= — Simple Pole l)_ — K'e'v — Simple Pole
e Modified Pole rof- ' Modified Pole
70— -
'.',a_ E 50—
= -
‘:“?" = 40:— +
=2 40:— ¥ -
4 = )|
= s -
=] ~ —
- 20— ‘
20— = ‘
1c||E 10 t
=2 - 1" measurement | | | |
oEe Lo b by Lo e b e b Lo 1 0 02 04 0.6 0.8 12 14 s 18
L] 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 3. 2

aspen s Background subtracted efficiency corrected absolute dT"/dg”® distributions. 86



V. Result (if zero theory uncertainty)

Combine measured |V |f,(0) values using Becher-Hill parameterization with
(FNAL MILC-HPQCD) for f.(0)

PDGT (Kev) —eo—i
LEPW—e¢cs | °
BESIIT (Kev) —e—i
CLEO-c (tagged) o
CLEO-c (untagged) ]
| 1 1 1 1 |
0.5 1
IVl

Ccs

Removing the dominant theoretical uncertainty stresses

the experimental precision and underlines how

cagerly we are awaiting new calculations from LQCD

( expect LQCD df+(0)/f+(0) ~6% by Summer ’08) and few % longer term

CLEO . OVcs 0170
Fulldata D — Ke'v = (0-9 -1 -2)% (exp) ® f ( ) (thY) (Projection: Shipsey @ LQCD

T
set Ves + (O) meet Expt Workshop 12/2007)
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V4 Result

Combine measured |V |f,(0) values using Becher-Hill parameterization with
(FNAL MILC-HPQCD) for f.(0)

CLEO -¢ v,

PDG/HF VN — (tagged) 0.234+£0.010+0.004 £0.024
(untagged) 0.217+£0.009+0.004+0.023
CLEO-c (tagged) ° ' stat  syst  theory
CLEO-c (untagged) ° Tagged/untagged

consistent, 40% overlap
DO NOT AVERAGE

CLEO-¢c & PDG consistent

0.‘I15 | 0.I2 | | 0.;'7.'5 -
v_|
Uncertainty (%) CLEO-c: dominant

Vea uncertainty LQCD

PDGvd > cu 0.22x0.011 5% . .
vN remains most precisce

CLEO —c 0.217 £0.10£0.024 45%®11.1% . .
( expect LQCD df+(0)/f+(0) ~6% by Summer ’08) and few % longer term determnlathn (fOl" n OW)
CLEO oVed o017 (0

Fulldata D — e v

set
Aspen Jan 14 2008 CLEO-c Results lan Shipsey

_ _ 0
=(2.3-3.5)% (exp)® f+rc (0) Y (Projection: Shipsey @ LQCD meet Expt

Ve
Workshop 12/2007) 85



EMore Lattice checks: Iy & semileptonic form factors

A quantity independent of Vcd allows a CKM independent lattice check:
LD > wuv) [/ fr \Pw
T(D — 7lv) \f7(0)) P\
RZ} =0.212+£0.028 \ Lattice
(CLEO): R’? =0.237+£0.019 ¥ ~8% uncertainty

;

lsl
Experiment

Theory & data consistent within large uncertainties

With 0.8fb! @ y(3770) R, ~5% uncertainty

Tested lattice for exclusive Vub determination at B factories
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Unitarity Tests Using Charm

d s b
Vub ) /d\ u 6 N -\
I/cb =S C 0 . UC*:O
t
g \b/ \' - ),

Je 2nd row: |Ved|? + |Vcs|?2 + [Vcb|%2 =122 (can only be tested
with direct determination of each element)
CLEO-c now: 1- {|Vcd|?2 + |Ves|2 + |Vcb|2 = 0.012+0.181
Could be tested now to few% (if theory was good to few %)
As Vcd precision improves 15t column:
|IVud|? + |Vcd|? + |Vtd|?2 = 1 22 similar precision to 15t row

o uch [VudVed® 'VubVeb*|

|'VusVces*|  Compare ratio of long sides to few %
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Searches for CP violation in D decays

oF 4

_53_ I BaBar

-0~
R Y T v 5 IS 2R
e 7% v & oE R ko
- S SN R I
T2 g T @© © X ¥ a
=) o) uT' +']" =

(= O
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