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The SM painting of Charm Dynamics is

_dull unexciting

[] anything exciting  New Physics—\
[1 calibrate our SM tools in charm transi

Outline

_, |l Charm meso mesonances

Concede: no killer application (yet)



‘| D°-DO oscillations in the SM

AM, _ AT,
M Yo T o1,

Xp —

DO-DY oscillations “slow’ in the SM

How slow’ is slow’?
X Yo ~/SU(3/}|- 2sidg < few. 0.01

XA k on-shell transitions
off-shell transitions

Experimental status

Xp < 3 %

yp=-25"14 . - 0.3 % CLEO, DfiKp

Yp= 08— 2.9 1.0 % E 791 DfilnK

yp= L1675 % BELLE

Yp= 3.42— 1.39 0.74 % FOCUS DfiKK vs. DfiKp
YVp=-1.1- 2.5 1.4 % CLEO, DfiKK, pp v&fiKp

data consistent with zero -- on the % Ieve'l/1
0 the game has just begun!



considerable previous literature -- yet with severz
ad-hocelements mainly with respect to
nonperturbativelynamics

conventional wisdomused to be

$ 2 related, thoughotdentical questions:
[J What are thenost likelySM values forg, y,?

] How large could |5,, conceivably be?

systematic analysis based of).,Q,Proquct Expansion

expansion in powers ofrh/, m, KM

for
Xplsmw Wb <~ 0.01to hold,
need some mechanigmenforcecancellations
maybe “precocious” duality?

J




[] an ancient theorem/observation:
T(®fi D ( m,-ng

U spin (s,d)
Interaction eigenstates
S=sco9)- d sing., d=d cog-+ S Sing.
corresponding QN S, D’
S[DY%=D[DY=0

(uc)(sd): DC=-DS’=DD’'=1
DOfi DO:DS’ =2, yetDS’ =0 in QCD for m = m,
dH(DS’, 0) = sing-cogy- (M, - my)(sd’)
0 T(D°fi D9 (@@H)3 g.e.d.
purely U spin argument irrespectiverof

contributions frommigherdimensional operators

with avery gentle GIM factor ~ .4/mbdue to
condensatem the OPE



[ since x(SM)lops Yo (SM)lope MZM, /M, °
0 numerical predictior O(10°) quite uncertain

& unlikely uncertainties can be reduced
[] centraltheoreticalissue:

does quarkiadronduality hold at theharm scale
(] more averaging IR, than in y,

[ duality better irxy than iny,
general expectations

1 DG on-shell contributions
[] Insensitive to New Physics

0 nDvirtual intermediate states

[] sensitive to New Physics
Xp ~ O (few %) conceivable in models

Yp= 3.42— 1. 39 - 0. 74F@CUS 7!

[ fox, £ few x 1® 1/m_ expan
It yp ~0.0% okay!

for X5 ~ 0.01:theor conundrum
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sobering lesson:

case for New Physics basedxgn
uncertain!

[ searchor @Pin D°-D° oscillations

Caveat en passant:

0 DGEB) vulnerable to violations of local duality

remember when extracting |V(td)| frdom(B,)/
DG(B,)



use Wilsonian OPE

G| KM |"m3,
192710

X

r (HQ - fincl) -

Ho| Qio 0G QH
cif) (HQQJHo) +05(f)< o0t apy +

2
M,

<|—|Q‘ (Qrq) darqQ) ‘HQ>

cs(f) + ...
6 mSQ

Interesting in its own right

positive feedback withattice QCD

close to onset ofluality

B fi D*/D | n controlled bym., notm, scale
predictive powerfor lifetimes of C=2hadrons
“plausible deniability” dudo sizeable uncertainty in

0 perturb.
0 higher ordenonpert & duatity contributios

el ST PRSP SR &
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Pattern




1.1 C=1Hadrons

Guberinaet al. ‘84

+ 0 + -+ + -0 +
L n*)>1(DY) = (Dl 2 1(=]] > (A > 1[0 > 1(0)
1/m. |commerts daa
expect. |on expect.
1(D")/1(D°) ~2.4 PlinTt(D") |2.54+0.01
consstent
treament of
momentain
‘wavefundion’
1(DY/(D°% [1.0—- 107 |withoutWA | 1.125:0.042
09-13 |with WA PDG '98
1.08+0.04 |QCD SR [1.2+0.02
T(AD/T(DO) ~0.5 Quarkmodel |0.49 0.01
matix elem
TNTED | ~1.6-2.2 ) 2.0+0.4
TENM(Q ) ~1.4 N 1.42+0.14
(=ZH)AN) | ~13-16 ) 2.2+0.1
x1.5 - 2.25
TEHN(ED ~2.8 ‘ 4.5 0.9
x1.5 5 4.2
(=HM(Q ) ~4 * 5.8 0.9

x1.5 5 6




0 yes, apply expansion inrh/ at your own risk, but

0 observed patteneproduced/predicted
semguantitatively-- with t(D*)/t(W°) ~ 20
0 destructive Pmain enginedriving lifetime

differences amongesons
(first suggested bfRuecklet al. ‘“74:

0 propertreatment ofl always yields
1(D*) > 1(DY
0 primary impact of HQEWA is nonleading
0 1(Dy » 1(D)

WA -- while not leading -- still significant in
D decays

0 Impact of WA onexclusivemeson decays:
constructiven D° and/ordestructiven D.?

0 recent claimz(Dy/t(D% » 1.2 “explained”
SU(3), relation between hadronphase spac
1 still a model -- phase space not uniqu

7 no need for WA??

the challenge for theory
dualdescript. in terms afuarks and gluod.o.f.?

guark PSt quarknorpert dynamics
dual to

10

had. PS+ boundstatelynamics



0 second impact of HQEXxplainsabsolutesize
of BRg (D)

o baryons presemtomplex challenge:

several contribution§\(S, +PI,-PI) of

different signs
"help’ from sizeableexperimental uncertainties

0 pattern & numbers quite different from
strange baryons:

0 TWP) <T(X) <L) <T(XH)
VS.
(S » (W) < 1(S) » 1(X) <T1(L°) <T(X)

01X T(WO) ~ 6.2 vs. T(XO)/ T(W) ~ 3.6

1 sign for significant discrepancy miX_*) only:
lives longer by ~ 50 % thamedicted
(accidental presence of near-by resonance

drives duality?) 1



1.2 C=2 Baryons

SELEX ‘02 finds:
“X."fi L, *K-p*rwith M=3519-1 MeV& t< 0.033 ps
"X L Kpt ptwith M=3460 MeV
& “comparable™
$ 2 major headaches for theorists
0 Isospinmass splitting:
SELEX:~ 60 MeV vs B.E. ~ few 100 MeV

0 lifetimes
HQE predictssubstantially differenlifetimes!
e.g.:
t (X )/t (X)) ~29-5.2
0t (X)) =0.46-0. 05 ps( XH) =0.16-0. 05 p
Kiselev et ¢

Ot (X.*) ~ 1.05 pst (X..Y) ~ 0.2ps

Guberinaet al.
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“Yours truly’ conclusion:
Whatever the two SELEX states are -- theyrare
Xt & X .- -- orHQE got it all wrong for charm!

(] surprise!

BABAR ‘03 seeaunexpected narrostate X
D, , Xfi Dyp°
W Ds Bs99

[0 masses & QN of BF ... statesandthe
saturationof SV & spin sum rulefor B transitions
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“Charm in the presence of Beauty --
like Botticelli in the Sistine Chapel”

One travels to la Sistirta see Michelangelo --

yet once there, have a quality look at Bottioetlal.
Likewise: one builds a B factory to study B physics
yet do not ignore the charm you can collect there.
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0 finding New Physics not guaranteed -- yet
conceivable

0 very hard (at best) to make conclusive case
throughobserving O-D° oscillationsper se

0 much cleaner case throug@l® asymmetries
7 involving D9-DP° oscillations
0 In Cabibbamllow. & doublysupp.modes

0 lots of calibration & appreciation work for better
understanding of beauty (and QCD) dynamics

7 engineering inputs
0 study transition to the "duality regime’

0 HQE prediction work amazingly well for
lifetimes of charm hadrons
exceptionT(X.*) exceedsxpectby ~ 50%

0 if SELEX is correct on C=2 baryons:
major headache for theory!

0 charm scale -bridge’ between light & heavy
flavours& a meeting/market placlkeetween

differenttheor. technologies:

HQE, chiral models, quark models,

lattice QCD from below and from above
0 charm spectroscopy

0 relevant forunderstandind® dynamics

0 appears to showurprises 15



