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Big Questions 1n Flavor Physics
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Origin of Baryogenesis? o e T

& %

Dynamics of flavor?

Connection between flavor physics & electroweak symmetry breaking?
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Precision Quark Flavor Physics

The discovery potential of B physics

ey 1 A - is limited by systematic errors from
08 E- | am, S e w2 QCD:
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Precision Quark Flavor Physics

The discovery potential of B physics

E Ty T T AR IE@ is limited by systematic errors from
0.5 :_ %: . ﬁmd 5 a EK Cummer 2007 _: QCD:
— 05 :—E sin2f | i EH‘:.I },__ B ¢’< g )
77 0.4 :_ E {exel, at CL > 0.05) _: /7—: AV
0.3 ;—‘_L:: . / ) 7T
- & = Borx 2
0.2 —
- 27 () | Vi)
0.1 . | |ub =
[!0._4 I -ﬂl.Z B 0 T 0.2 II 0.4 o 0.6 T 0.8 I 1 >—/, N
— T =
0 Bd == Bd
2 2
D system- CKM elements known to <1% by unitarity oC [ de ] ‘th

- ¢ 2 2 2 2
D d TVCOC|:fD—m(q):| ‘Vcd‘ D >_<f/ OC[fD+] Vcd‘

=>» measurements of absolute rates for D semileptonic & leptonic decays yield decay
constants & form factors to test 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 V , (scale of triangle) - also normalize D physics
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Precision theory + charm = large impact
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Precision theory? Lattice QCD
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BEFORE | .
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precision L
This dramatic 09 1 LI
improvement needs theory-expt
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Charm decay constants
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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




() e} Precision Experiment for charm?

Circa 2004 (pl‘e-CLEO-C) Key leptonic, semileptonic & hadronic modes:

1: D" - v
: 100 |
Experiment : Theory % 2:Dgt >y
3:D° 5 we'v
80 o 4:0° > Kn'
Poorly known /’B I -T 5:D* - Kn'n"
- Br % ! 6:D_+ — ¢n"
(4 error
/ -
40
Mee}sured very oB (D - ze*v)=45%
precisely B 20
0.4-0.8% 98 D" 5 4'0)=100%
B . —
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.
Br(D > X)= . -
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 Illl detector >CLEO-c

7 : - _
| | ]
[ J/'r,bl Y _ ]
6 [ A Mark-I e PDG 2006 T
- ¥ Mark-I + LGW i ]
5 | m Mark-TI ”f:b |
R B ® PLUTO g, by i L | .
- DASP i i e ..-l it 1 .
4 ¥ Crystal Ball I 1 e :
- * BES i
3 -
-, 4 |
2 Pm—————=la L - — =2
= |
3 3.5

Js Mev) Ldt(pb™)
3686 54 N(p(2S)) =~ 27M

§ X84 MARK 111
3773 800 w(3770) ->DD~5.1x10°DD <= X42 BES II
4170 314 D((:; D((:; ~3x10° D D <{Z—3 Expect to collect x2 by

end of running
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y(3770) Analysis Strategy

‘ e‘e- >y(3770)>DD WY(3770) is to charm
ng YE770) what Y(4S) is to beauty

[ Pure DD, no additional particles (E, =E,_, ).
0 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 pb'! @ charm factory w(3770)— D' D

~# B tags in 500 fb-! @ Y (4S)

D" >Kz'z", D Kz n
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281/pb

Absolute Charm Branching Ratios at Threshold

peam - AE = Ebeam o ED I\/IBC = \/E2 _| Po |2

beam

ID" & 1D- reconstructed in

1 D reconstructed (a tag) s
3 ¢ [ Dt>Kmntnt |
o ﬂ =>00—
2 ~80,000 | ST vs.
FIl: D—Knn TSa #00- [)- 5 K+7-T
T 1 e
2 F a r 2002
300
- events
8000} 2001 1
eoool- Very little K
4000 hackground 1001
2000 i
183 184 185 186 187 .1 TINEEL D RN NI TR I TSN T a0
Mgc: .. M. c (GeV)
Independent of
L and cross . L # (K" 7z~ 77 )Observed in tagged events
section B(D — K'n'x )= ==

detection efficiency for (K'7z 7z7) e #D tags
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S — + -
B(D° —»K-rt*) B(D"—>K-nt*rtt)
Sets scale of bd triangle BABAR ‘:‘;f“& SKoT | Previous best:
X0~ - E
60:10° %o w0l C1B°=Dv @) ;.: sui-- measure:
ool D’ Kt , arXiv:0704.2080 sn- CLEO-c B(D" - D7) B(D' K 1)
= ' o — n S 60
E: . CLEO'C lﬁl g izgg % S:nct?:;lzir:atorial %50% B(D*+ N D+7Z0) B(D° > K z'7)
R Tﬂ i g o B(D" >K z'z")
E 301 | ‘E 500 H 30;—
2 n | '|¥ S 20 dependent on
| - 1200 10:_
100 | 800 E ; 0 - _+
1(1!4 1_.{; \MM 1|33 ' 4Og_m - -4 -2 0 2 ) 1-JB4 atf.'{.gg\h'c;.)mw 168 B(D ” K i )
L W, (Gevc) 2 (%) Error(%) | Source
g (%) Error(%) | Source 9.3+0.6+0.8 10.8 | CLEO
3.80 £0.09 24 | PDGO4 9.141.3+0.4 149 | MKl
3.891+0.035 +0.069 2.0 CLEO-c 9.1+0.7 77 PDGO04
4.007 £0.037 £0.070 2.0 BABAR 914 +0 1040.17 19 CLEO-c
PDGO4  assiaron S 1 . d 20/ : — —
vk | i yst.mited: 270 | oW B(D® 5K 77 = ~Loco e
e . CLEO-c & independently measure
ark Il st CLEOII I -
HRS — . BABAR
ALEPHS1 +—+—« =4 agree Vastly CLEO-cx 3.5 Mark Il —
iZEﬁz E[B,{-} s . superior S/N More precise Mark Il : :
i than PDG
ALEPH 97 Fh—H at CLEO-c Mokl | . |
CLEQ Il average s
e ewe N charm hadronic scale BEs o . P
BABAR o is finally on a SECURE CLEO< 56 pb~ .
.GL.EO..C' 2.31 ?b o .“H| e FOUNDA UON CLEO=, 281 pb~' HEH
‘H{D:'—)K_“.T'] (nr!u) | 1 | L L L | L L L | L L L |
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D, Hadronic BRs NEW

D. hadronic BFs serve to nomalize many processes in D & B, physics
This 1s the 1st high statistics study @ threshold arXiv:0801.0680 ( 4 Jan 2008)

E.,.=4170 MeV. 298/pb. Optimal energy for DD *production.
Analysis technique same as for DDbar at 3770.

8 D, single tag modes ~1000 double tags (all modes) (~3.5% stat.)
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s g s ] D;—n'n I R T P
~1.1k ] '

L T
Sl LR .
= - =
1.9—,*.'-:_'&: A
= gy *

; i " ; '-|‘ 1'1;_"'-|T"{'-:I -:.... : :_, . .
BP0 65 104 186 1952 3,00 304 2.06
m(D?) (GeV/c?)

1.95 2 1.95 2 1.95 2
m(D;) (GeV/c?)
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Absolute D, hadronic B’s

CLEO-c, 4170MeV, 298pb-"

Mode This Result B (%) PDG 2007 fit B (%)
KoK+ 1.49 £+ 0.07 + 0.05 2.2+04
K-K*tzt 550+0.23+0.16 5.3 + 0.8

K Ktztz% 5.65+0.29 +0.40 —

KK atzt 1.6440.10 £0.07 2.7+0.7
atate™ 1.11 4+ 0.07 + 0.04 1.24 +0.20
7ty 1.58 +0.11 + 0.18 2.16 £+ 0.30
ntny 3.77+ 0.25 £ 0.30 4.8 +0.6
Ktntna™ 0.69 + 0.05 + 0.03 0.67 +£0.13

K*K*1r* in good agreement with PDG

We do not quote B(D,—

¢pr*)

Requires amplitude analysis

Results soon
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bl o 4
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Importance of absolute charm leptonic branching ratios 1

o Vi + .
/ { T(D; >lv)=%£GIM,,

2
D+
v
1 1 ,\n—I/,/
1 Check lattice calculations of decay constants Bd === B_d

2 Improve constramts from B mlxmg

rate = (COﬂSt)[/ Bd:| \ d‘ ‘

0.8% ~10% (HPQCD) = 12%

t
(expt) PRL95 212001 (2005)
HFAG

if foy 103% — |V ||[Vy|to ~5%

B > v « f;,, V,, butrate low & V, not well known

fo coc and (Fa/foliarrice > fa  Precise [Vl
(And fy/f CLEO-c checks fy/fp,)lattice important for [V,, |/|V

S
c + 1+ ¢ *
. . W, H In 2HDM effect is largest
+ I
Sensitive to new physics Dg >.,\~\~< for Ds
5 v
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A new charged Gauge Boson D¢

SM Ratio of leptonic decays could be modified (e.g.)

+ + 2 2 ?
§(§+ _)T+V) :m2T 2'2 /m 1_M2
( — /Ll V) P =]

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

In 2HDM predict t - 2
SM decay width isx by 1. =|1-m2[ B0/ :
! m, +m,

Akeryod [hep-ph/0308260]
Since m is ~0, effect can be seen only in D

CLEO-c has made absolute measurements of
B(D" — uv),B(D" — 7v),B(D, — uv),B(D. — 7v)
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et

reconstructed .
h@ - e’
- ‘ 1 additional track
L7 (consistent with a muon)
\ Zero additional photons
| Compute missing mass?:
W peaks at 0 for signal
2 2 /D D\
M*=(E-E) —(R,—F)
where By =E,,, , B, =R I
+ —4 pﬂ
B(D" — uv)x10 f, MeV
MKIII <7.2 <290

BESII 12.2"5,+0.11 37173, 25
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09

0.8

0.7

0.6

| Mark ITI PRL 60. 1375 (1988)
. ~9pb 12390 tags |
§=°
S

fD _from Absolute Br(D™— u*v) at y(3770)

K" |f |2 |Vc |2
fully T
V

vissing | MM? le:t'l'l

- 'BES I hep-ex/041005
- BESII = ~33pb-l

. _ 5321 tags

Ry
Py

e :
A0z

c ]
SRV

S=3B=0.33 -4

-0.2 0 02 04 06

MM?2 18



MM2 = (Ebeam B Ey)z _(_Eli;tag B Pﬂ)z

fy, from Absolute Br(D™— p*v)

 —

MC [

6 X 600
data
400 )
F oty
— ntm°
200-_ — Ty, Tty

0

1
- D*->mtK?
1 50 {
+ +
signal D _)l’l v/

Aspen Jan 14 2008 CLEO-c Results lan Shipsey

19



fy.from Absolute Br(D™— u*v)

MM? =(E,p —E,)" =(~Po g —P.)’ Data 281 pb at y(3770)
6)( 600:

data

400

120 """"""""""" | T I

100

1 " 15t 1 DT —>1T+K0

[o¢]
o

o
o

0
— ptv signal

— ntm°

Number of Events/0.01 GeV/2
i
o

— ttv, temty

200

N
o

0.25 0.50

——C MM?(GeV?)
IE(E8Y) 1st observation
of D*—pu'*v
S Mode Events
B(ID'" = u'v)=(4.40 +0.66"°%)x10*
( uv)=( —0.12) Data 50
D*> Kypg 7t 0.33

D*>t*v.  1.08
f_ =(201£3£17) MeV (LQCD) Expt/Theory agree ~to 10%  Total Bok:  2.81
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A test of lepton universality o | I Track consietentwith

4t i @ (Eg, > 300 MeV)
D tag + single 7 track L BouE = (O —

il R E D* K’

twov: larger MM” region 2

L 1L ey
event yields consistent with bkgd estimates  4of [‘ HH ‘

0.00 0.10

B(D*> t* v,)< 2.1 x 103

Ao I e

M

In SM: 20[. ﬁ
F(D+ ) 2 2 2 ’ i Signal region’iﬁ” -
-7V |
R= =m [l— J /mi (1— o j =265 | L.
D+

m’

_ + + - T 2
(D —>uv) MD+ 0.00 0.25

mMm? (GeV?)

combine with CLEO-¢ B(D"” — 1v):
R o /Ry, <1.8 at90% CL

First measurement of R

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

PRD73 112005 (2006)
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Method 1: D, > x'v,D, > t'v,t" > v & f_,

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

# D, tags 31302+472 cross section @ 4170 MeV
Wl peen] el 1 Tac]| @4170D,D, DDy |
bt A=)\ | Calculate MM2 for D, tag
L L plus photon. - '

3 Peaks at D, mass. 000

N N(tag+y)=18645+426 All 8 modes combined
2 - | |
& 3.50 370 3.90 110

- MM* 2 (Gev ?)

-

MM ™ = (Ecy = Ep, 1ag = E,) = (=Pp, g — P,)* = Moy’

g

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

* For the signal: require one additional track and
no unassociated extra energy
* Calculate missing mass (next slide)

2020

§ B
= -
j ;-E
i .

B &5 8 85 BB

| K'K* fiom K K-

L L 1 L L 1
180 182 1.8 156 188 200 42 1890 182 1.8 186 198 200 L@

Invariant Mass of D: Candidates (Ge\)
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Three cases depending on particle type:

A B(D—u*v)
92 events (3.5 bkgd)
B(D—utv) = (0.597 £ 0.067 = 0.039)%

B+C B(D,—7"V) :
31+25 = 56 events (3.6+5= 8.6 bkgd)
B(D—7v)=(8.0£1.3£0.4)%

Events/0.01 GeV*

A+B+C: By summing both cases and
using SM T1/p ratio
BY(D.—uty) = (0.638 £0.059 * 0.033)%

fo, = (274 £ 13 £ 7) MeV

B(D,—e*v) < 1.3x10%

D, —u'vand t°(nv)v

20

10

n

=

mostly
14D

PRL 99 071802 (2007)
PRD 76 072002 (2007)

1770107015

I_ | I ] | |

=]

B

31 events

11
oy
3
<
@
)
—

ihal,

Track consistent with g™
(E <300 MeV)

accepts 99% of u* and 60% of #*

| - \

Track consistent with z*

¢ (E > 300 MeV)

e

25 events

(P .

accepts 1% of u*
and 40% of *

mostly

C " D .—tt(rty)y

Track consistent with e*

I

0

0.25

MM? (GeV?)

0.50



Method 2:D, > 7'v,7" »>e'vv & f, NEW

300/pb @4170 MeV 400 MeV
ReqUire DS tag _ : |i] ﬁ’laéaTﬂtal E
“F T [_] MC Signal

Require 1 electron and no other tracks

[ 1 MC Background (BG)
777 MCD; — Kl e*v, .

fd MCBG wio D} = K[ e* v,

Primary bkgd semileptonic (D= X e v).

40F

Events /1 100 MeV

Suppress X by requiring low amount of extra
energy in calorimeter. Shown on right.

d
o

Signal region E_ (extra)< .4 GeV.
Backgrounds from scaled MC.

Results: | E.... (GeV)
B(D—7"v) =(6.17 £ 0.71 £ 0.36)%
[PDGO06: B(D,—17"1) = (6.4 = 1.5)%] arXiv:0712.1175

fps = (273 £ 16 £ 8) MeV .
(Submitted to PRL Dec 12 2007)

This is the most precise determination of
B(D —71"v)
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o, & o/ f

Combining method 1 D, > uv& D, > v, 7 > v
&method2 D, ->7v,7 >ev

weighted average: f,, =(274+£10+5) MeV

(syst. uncertainties are mostly uncorrelated between methods)

combine with f_ =(222.6+16.7%;) MeV (CLEO)
fo,f =123£010£003

R (D, >7'v)

I(D; - x'v)
compared to:

R (D, >7'v)

[(D; - x'v)

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

level of current experimental precision.
Aspen Jan 14 2008 CLEO-c Results lan Shipsey

=11.0+1.4+0.6

=9.72 (Standard Model)

25



CLEO f, consistent with calculations

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

Our f,; is ~3c above the most recent & precise LQCD
calculation (HPQCD).

This discrepancy needs to be studied.

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

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

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

Comparing measured f,/f,,, with HPQCD
mH+>2.2 GeV tanp @90% CL

Using HPQCD f, /f,, find:
IVed /Ves|=0.217£0.019 (exp)£0.002(theory)

Comparison with theory

HPQCD - - i
Fermilab/MILC : ——

CLEO-c : ——

HPQCD - m fp,
Fermilab/MILC : ——

CLEO-c : —o—
BaBar : —a—

150 200 250 300

MeV

HPQCD [ /
Q £ I
Fermilab/MILC : il

CLEO-c:

o

0.8

0.9 1 1.1 1.2 1.3

1.4



Importance of Charm Semileptonic Decays

|\]CKM|2 dr 210 DKz, 2412
= e Vel @)

1 Assuming th ff=V_and V 4

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

_|_+0.74) o 0—3 Vy\
——04 3

+ expt LQCD

Br(B — 7zlv) 6% precision ‘V b‘ =(3.17+0.1
u L] — L]
BABAR /Belle/CLEO

/

(HFAG ~16% HPQCD
(2007) Expt. 3% hep-1at/0601021
< a 2
= - \Y Borx 2
B &= ¥ | f*7(q)| N,
Related at

| same invariant
HQ S - ’<

D Q 7‘; o [ f D—>7z(q):|2 ‘Vcd ‘2 4 velocity
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Absolute Semileptonic Branching Fractions

The neutrino direction is determined to 1°

no kinematics ambiguity

3900 U= Emiss _|ﬁmiss| =0

2000 ﬂ
1800

< 1600

< 1400

= S/N ~300/1 D’ s Kfety
B 1000

£

5 i T + (~7000 events)

w(3770) > D°D°

0
0.25 0.2 015 -01 -005 0 0.05 01 015 02 025

D > K*z,D" > K e’y U (GeV)
Tagging creates a single D beam
of known 4-momentum N(D — Key
(D —> Key) = — )
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D’ > re'v
CLEO-c

gl ‘Dorev,
D — 7 Ly 200 D" >rzev
- -
D’ 5K /v
E 130 699+28
C - S/N ~40/1
A
- = 100 .
SIN=1/3 ¢ 1 DY ke
> 0.22 0.32 >
Am M
ﬁ Tag with D" — D7,
0 -+
Compare to: Di o x by -
state of the observable: U=E,_ .~ Pl (GeV)
art measurement M = Mzztv)=m(zlv) Note:
at 10 GeV (CLEO III) kinematic
PRL 94, 11802 (2004) separation.

Only other high statistics measurement is from Belle
282/tb (x1,000 CLEOc) 222+ 17 events S/N 4/1
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CLEO-c semileptonic tagging analysis technique: big impact

15t Observations: Precision Measurements:
0 -+ -+ aF I
D" —>pev, D —)776 Vi = o PDG 2004
g “E‘,'Ball_yleld= 13113 [) . . i ¥ : i .
g embn_yield = 130 =13 i D,:, iy K- a* v .Ih . CLED—C l,rEB'I pb1
£ ; D° - K(K %) e* v —— BES
D= I"‘[‘_i.,’l(-B r)e’ v -
o — pretw '_’I'_'
03 0.2 EX 0 0.1 EMP “:;f(‘am;%a DIJ — K ‘: 12-“].}- Bty .%.
0 ~ ot o at ' . xXe'y o
D+9a)e+ve D %K 72'7Z-eVe = D" —Xe'v E
- 18 q,"‘ D*— i e*v ! —
; agolv_vield: 107243 ‘ :‘;‘ 1.6 /\Q\ 1 !
i 3 \“\'@ 1 D*— Kle v =
\ 1| =K Kyey """
‘ M __ e . '
S TENTIEECRE D*— wetv '
. My (Ge\:cZ) D*—netv ._T_.
+ D'/D° - Xe'v, D—Ke', D' — Xe'v -
form factors .. . Normalized to PDG |
note: use PDG2004 as PDG2006 is -1 0 1 2

dominated by CLEO-c measurements D — K/ ze"v branching fractions are for 56/pb

T CLEO's measurements most precise for ALL

GUEDSEIEL APV OB modes; 4 modes observed for the first time
PRL. 99, 191801 (2007)
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D —» K/ze"v without tagging

NEW
Preliminary results FPCP 2006 now superseded
ArXiv 0712.1020 and 0712.1025 [analogous to neutrino reconstruction @ Y(4S)]
Uses neutrino reconstruction: FR— D' 5 Ko v
|dentify semileptonic decay. 800f ° ¥ ° {8000
) 600F 1325+48 +14356+132 16000
Reconstruct neutrino 4-momentum from | I :
all measured energy in the event. S 1000
§ 2001 -|2000
Use K(n), e, and missing 4-momentum © it tca e
and require consistency in energy and *;-;300-0 CAT D7 Kseve Haono
beam-energy constrained mass. el 5846488 ‘3000
- -12000
Higher efficiency than tagging but larger 100r 11000
backgrounds - -
0

G1.80 182 184 186 1.881.80 182 184 186 1.88

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

PDG (2004) b PDG (2004) ——
BES Y BES I 3 o —
LQCD (FNAL-MILC-HPQCD)  +——tttei LQCD (FNAL-MILC-HPQCD) i
LQCD (Adaba) — LQCD {Adaba) —a—
QCD SR (Ball) * o QCD SR (Ball) +—e—
LCSR (KRW
: i LCSR (KRWWY) ' &
LCSR (WW2) | -
LCSR (WW2) b @
CLEO-c (tag, 56 pb™) H-a-H
CLEO-c (tag, 56 pb —o—
Belle (tag, 282 fb™) ot © (ag, S8
(BABAR medsures ; A
S REAR R ZE W _ 0 S Belle (tag, 282 fb™)
; relativetoD” > K 7z7) ) -
CLEO-c (tag, 281 pb’
Crl_elﬁglﬁgag’ 281 pb™) :L preliminary
CEEO it {nntag’ 281 pb) CLEO-c (notag, 281 pb™) 4

0 B(D’ > Ke'v) x107° B(D’ —» 7z7e'v) 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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D’ —Ke*v FormFactor: test of LQCD

G

2
2
__OF _p3|¢ (qz)‘ \Y 2 Shape: a(Kev)
dg> 242° “!° .
q FOCUS (Param)
Form factor measures probability hadron will be formed CLEOHI I
Belle (2006) H— o+
- Do Ke'v,
—— LQCD mean FNAL-MILC- Satlel ) |
LQCD Statistical HPQCD Lacp o
= LQCD Systematic
« GCLEO-c(tag) ] CLEO< (tag) +—e—+
" i EEEE)E'C (no tag) : ./// CLEO-c (no tag) H—8—+
hé: .BaBar _1 PN I T T T T NSRRI N TR T N
~ L -0.2 0 0.2 0.4 0.6
ia : | .
. _ . K
) Assuming V_=0.974 Normalization: f,"(0)
0.5__ CKM Unltarlty LQCD (Abada) —e—
B QCD SR (Ball) + -
B 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 t 1 Al 4
% 0.1 02 03 0s HOSR (KRI) A
K fast P (GeV )J'MD. K at rest LCSR (WWZ) -
Quark Model L]

Modified pole model used as example

LQCD (FNAL-MILC-HPQCD) ————

2 f+ (O) Belle (282 fb™) et
f+ q°)= 2> ) . (BABAR measures
(]. - q /mpole )(]. - q /mpole ) BaBar (751b7) - relativefo D° — K 7)
CLEO-c (tag, 281 pb™) ]
Normalization: experiments (2%) consistent with GLEO-¢ (o tag, 281 pb) o

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

1 1 l 1 1 1 I 1 1 1 l 1
0.4 06 038

f(0)
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D’ - 7 e"v Form Factor: test of LQCD

dir G

2
2 2
2 = - 3 P7r3 f, (qz)‘ ‘Vcd shape: a(7€v)  enaL-miLc-HPQCD
35 Donety dq 24rx
" Fit to Quenched LQCD (Abada et al ) Sl "
Quenched LQCD (Abada et al ) Betle (2006 *
= CLEO-c (tag)
e o CLEO-c (no tag)
~— 2 A BELLE + Haee h
k_'_ ; - J]‘{)} CLEO-c (tag) H—e—
ok : }
= . CLEO-c (no tag) i
1;— i f *o *+ Assuming g
WS V. = 0.2238+0.0029 ~ yecllowband
=k (CKM Unitarity) B B ‘o, =0.32(5)
g a o L4 I _ my avg.
P(GeV?) Normalization: f,"(0)
Modified pole model used as example o al
QCD SR (Ball) )
f+(q2) — . . f+ (O) - - LCSR (KRWWY) ———
(l—q /mpole)(l—aq /mpole) LCSR (WW2) —
Quark Model ®
Normalization experiments (4%) consistent with LQCD LaCD (FNALMILCHPGCD)  +—+8-+-
(10%). CLEO-c is most precise.Theoretical precision lags. Belle (252 16 o
CLEO-c (tag, 261 pb™) o
The data determines |V_4/f,(g?). To extract |V 4| we fit to . »
IV 4lf.(0?), determine |V 4/f,(0) & use f,(0) from theory S

0 0.2 0.4 0.6 0.8

(FNAL-MILC-HPQCD.) Same for |V | £(0)
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V.. & V_4 Results

PDGTI (Kev)™* ———e—f
CLEO-c: the most precise direct determination of V LEP Wos o5 .
o(|V,|)/|V.|~1.5%(expt) ®10%(theory) RESIED .

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

stat syst  theory - V| !

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

CLEO —c V., PDGHF 1/ ——
(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) ®
stat syst  theory

Tagged/untagged consistent o

40% overlap, DO NOT AVERAGE Hk V| i

cd

We measure |V,[f,(0) using Becher-Hill parameterization
& f,(0) from FNAL-MILC-HPQCD.
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‘VC q ‘ & ‘VCS ‘ indirect

L I L B e L I I L

K & nucleon e Indirect

V| =V &| V| =| V.. oss - \ i -

2) Bphysics i -- o

Indirect= global CKM fit = 1+2 __ oo ]

S z

V.o | &|V,,| direct 08517 %EVO-C 3

(D semileptonic decays CLEO)

Projections to full dataset 7 1 an fanat R

o (‘Vcd )/ ‘Vcd ~2.5% @ theory :rsCeI‘;E(%ecwm/Htg:Eiy : @ | owemenmczoms|
G(‘VCS )/‘VCS N10(%) (‘Bthe()ry I_urfer_taiztiis _ _I " 0.18 0.19 0.2 0.21 c‘;322 0.23 0.24 0.25

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
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See also talk by Descotres-Genon at joint BABAR-Belle-BESIII-CLEO-c Workshop 11/07, Beijing

Unitarity Test: Compatibility of charm & beauty sectors of CKM matrix
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Many new modes: most promising in SM: Ds Cabibbo suppressed

CLEO-c Searches for Direct CP violation in D decays

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

Ds—~PP ——

Mode (By — . ACP - B_ (%)
ADF S K*n) —90 + 1= | lst Observation
S i of the Cabibbo
A(DF — K+y) 17 + 37 -
A(DF — 7wt KY) 27 £ 11 321;1; Zsse
A(DF — K+79) 2 + 29 Y
(Mostly) Cabibbo Allowed: Phys. Rev. D 76, —— DO / Dt—
{ ——— 112001 (2007)
< 1 Mode D Acp (%) Mode Acp (%)
3 K¢ If+ -49+21+£09 D'— K nt —-0.4+0.5£0.9
S K-K+ +03+1.1+08 D°— K-wtn’ 024+04+08
g: K ﬁ+ +:0 _594492+12 D°— K-atntn- 0.7+ 05+09
- IESI;—,.+,.+ —0.7+36+11 DT K7 : i o 0aE0.4209
IT ?T+?;' _R2+52+08 D+ —)ngn+ . —O.szlzl,Oj:O.:3 -
Lt eriariiy DYoo Kimtm 0.3+£09+0.3
.9 1,52 1,34 1,56 1,58 2,00 2 :CE.d ! ';-'1:-2"%1.:33"'4!2.-"1:2.:-'!?2'.';1 ”'+:II +. - 1 .. -:‘ -m D+_’I15 Tratw 0.1+1.1+06
@i e ot +11.2+7.0+09 b i+ _g14isto0s

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

+ ot -
IC\L(; fniNC in kaons 2> LD 114 3 ) ot D = i]e' SM+SUSY
Bmixing = heavy top ‘ ’ ) ¢ Ci i_ h |
How about charm? ’
If new particles are to SM 7 . < ) l—l“:
appear s
on-shell at LHC ‘ ”_/_ ! o 05 M(Ie’Ll(z;j —
they must appear in virtual d"\ In the SM 2 (D" = ntete”) ~ 2 x 107

loops
and affect amplitudes R-parity violating SUSY: ~2.4 x 10

CLEO-¢  BABAR — .m,'

o ‘B(D+—>7ree) . _
S N[ <47x10° @90%CL I B(D* = 7 1 )
o .°., Se ° 10 <3.9%10°90%CL

° o ® '
[ . - ' I
AMbc of ' > 1T _
3 ° o o hd 3 + + Fata— =
= s oo = B(D" - z'e'e") 1
Q[ o o °® af <11.2x107° 90%CL '
C}l" ‘.. " : o ® .. 103— ’ r
) I ” 'P.;"'i.i-s""1:3"'1':'35'"1'3"'1'.55"':'3"':'21'15"'2 -
- b fan s anE i B i St E 2 -"|||||||||||||||IIII
2y 050 140 1.65 190 215 240

Statistics limited AE | Bked limited M(T'e’e

_ Tevatron may glimpse, study @ BES III, super B factories
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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,, < 2m, [hep-ph/os12031] "NMSSM"”
"natural,” avoids fine tuning
evades the LEP [imit 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 T — ya,
Experimentally, CLEO seeks monochromatic vy
Use Y(2S) — nn1(1S) tag to eliminate ete- — Tty background
Flag presence of t pair with two 1-prong t decays (one lepton), missing energy

Mass (30) (GeV) 1600807-020
i 30 Iull ¥ M — 102 = ? —_ I8 — 7I . .6 [ [5[ I4 —_ ULs improved an
1 & F — 1 |order of
_ photon spectrum | T [ Preliminary 1 | magnitude or
£ | Prelimi | & CUSB ARGUS 1 |more
Ll reliminary 7 @ 10°F 4 | Rules out many,
B | | = F 1 | but not all
m
g { =} 4 | NMSSM models
5 L 1 Tk - _
B | T - CLEO 1 Improved a, > 7'7
| Wt = | | B
TP EE LB CE PR T TR AN TN TN NN S T SR M NN SO MO T | (C.f.Hyper-CP)
1 2 3 4 .
Ey (GeV) by Spring '08

Aspen Jan 14 2008 CLEO-c Results lan Shipsey 39



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: f_, = (222.6+16.7%7) MeV consistent with LQCD —>3.7% (8 MeV) full data

Most precise: f, =(274+£10+5) MeV 3o higher than LQCD. To interpret as "prosaic”
or "exciting": calculation checks underway & radiative corrections need to be estimated
project: f 2.6%(7MeV) full dataset  lepton universality in D, D, decays is satisfied

1.015+£0.010+0.011+£0.106 Projections to full data set

cs‘_

most precise ‘V theory

Ve |= 0.217£0.009+0.004+0.023,. ., (|Vea)/|Vea| ~ 2.5% S theory
most precise determination from semileptonic decay @ Ves)/[Ves|51.0% @itheory
Best limits on direct CPV for many D modes

Best limit on D—>7ze'e”

Best limits for a non-SM-like pseudoscalar Higgs

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 ITI.
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Precision theory + charm = large impact

Now
0.6

0.5

ugu

0.3

-2
LLI

III|III!|I,-'|'|A‘IIII_

excluded area has CL > 0.85

—
T
| IIII|IIII|IIII|I

0.7 ¢

0.6 &

05

04

<2 <% £ ,:._,5"'“ /\\\\ ;:
PR - sol.w/cos2B<0 W\ ]

= : ]
(excl. at CL>0.95) \\ -

excluded area has CLSOBS | i

\

I._l,_ITIl

Plot uses0 ' d : )
Vub Veb L \
from ' \\
exclusive "':?;\.
decays 0.1 |VubN cbl : \

only B
0 1 1 1 I 1 1 1 L 1 _l L 1 L 1 L I 1 L 1 l 1 L L

04 02 > ol T—o4 0.6 0.8 1
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