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Outline

Semileptonic Charm Decays: The impact of

precision measurements in exclusive semileptonic

D decays.

D® — DY Mixing: How close is the Long Distance

wall?

Rare Charm Decays in the Standard Model:

— Radiative Decays: D — Xr.

— Semileptonic Modes: D — wft ¢,
Dprlte—,...

New Physics: Effects of Supersymmetry.

— Non-universal soft term in SUSY with Rp

conservation.

— FEffects of Rp violation.

Conclusions
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D Semileptonic Decays

Why do we need precision measurements of
exclusive semileptonic decays? D — K )y
and D — w(p)lv.

Study of hadronic physics at m.. Form-factor

normalization and ¢? dependence.

Impact on B physics I: Comparison with

B — wlv and B — plv. Test of HQE'T': are
1/Mg large? V,, ? New Physics: same
form-factors for rare decays B — K*{T(—,

Impact on B physics II: Are the SU(3)

corrections under control?

Impact on B physics III: Precision SL and
Leptonic decays of charm will test Lattice

calculations => Lattice predictions of
B — mly, B — K*{T/{~, etc.

|Veal.
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Heavy Quark Symmetry (Isg'um— Wise ’89)

In the mg — 00 limit (mQ > AQCD);

o Flavor Symmetry: Light degrees of freedom can’t
tell the heavy flavor.
=> b +— c. Applications: extraction of |V,p|
from inclusive and exclusive semileptonic b — cfv
decays. Works best at low recoil (Luke’s Theorem

at zero recoil).

Spin Symmetry: Spin decouples in the mg — oo
limit. E.g.: Amp = mp+ — mp — 0.

But for Heavy — Light decays applications are more
limited:
D — K
SU2)r 1 ) SU(3)
B — ply
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Heavy Quark Symmetry and H — wlv

e One form-factor:

(k) (@) |D(P)) = f+ (¢ )P + k) + [~ (") (P — k)u

But if m¢ — 0

e
dg?  24m3

Veal® & | f+(a®)|?

—=> precision measurement of dI'/dg* in D — mlv

gives fi(q%).

e B Physics Impact: Heavy Quark Symmetry =>

B — wlv given by same fi up to heavy mass scaling:

mp

D=m(v.k)

T as(me)

x{1—|—0<i— L

mp me

with v.k = E; in the heavy meson rest frame.

=> F. <1 GeV
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Chiral Symmetry helps at low recoil (M. Wise;
G.B. and J. Donoghue ’92) e Chiral Perturbation

Theory for Heavy Hadrons (ChPTHH) predicts
f+(v.pr) at low pr to be

fr(v.pz) = gD*ZD;fD* (mD—v-pw>

v.pr + A

with Ap = mp+ — mp. This is dominated by the D*

pole contribution.

This is valid to Next-to-Leading Order in the 1/M
expansion. (G.B., Z. Ligeti, M. Neubert and Y. Nir ’93)
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SU(3) Breaking

e How large is SU(3) breaking in semileptonic
form-actors?
Relevant e.g . for B — mly < B — K{T/~.

e Compare D — wlv to D — K/v. What can we

expect? The lesson from decay constants:

fp 3272 f2

112

m2
-I—m% log (M—;

Which gives fDS /fD ~ 1.10. (B. Grinstein, E.
Jenkins, A. Manohar and M. Wise ’92)

2 2
/D, 1~ (14 39D+ px) {m%—log (%)
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e For the semileptonic decays, the SU(3) breaking

coming from the chiral logarithms is around
20 — 30%, strongly depending on the value of
dD*Dr- (A. Falk and B. Grinstein ’93)

e But these are not the only terms. How large are
the counter-term contributions? The data will

tell us.
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D°%-D° Mixing
The mixing rate is
I(D° —=¢X) 1.4 o
T(D° — (+X) 2 2+
with £ = Am/I" and y = AT'/2T".

TD:

Theoretical Expectations

e Short distance in the SM: Box 4+ Penguin

diagrams give x S 1074

e But potentilly large contributions from higher
dimensional operators could give x ~ 1072,
(With very large uncertainties). This typically

signals | large long distance contributions!

e Long Distance effects in x and y from real
intermediate states => expect

LD =2 VY fi 10_3
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e Relative strong phase 9, between CF and DCS

amplitudes rotates z,y to

z' x cosd + ysind

y' Yy Ccoso — xsind

e Data seems to suggest 0 not small.
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D'-DY Mixing
Experimental Situation

E791 Klv
CLEO K'rt

= FOCUSAI
[ 1 FOCUS KTt

95% CL Regions

15 (%)
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Is there room for New Physics beyond the SM 7
(H. Nelson ’99)

DO-E)O Mixing Predictions
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Rare Charm Decays

D— Xy, D— X0T0, ...
Can Rare Charm Decays test the SM 7

Short distance SM very suppressed.
Long distance (e.g. resonances) dominate rates.

Is there room to see new physics ?

D — X+, D° — ~~: Dominated by large long

distance contributions.

D — X{T¢~: Long distance dominates the rates
but maybe room for short distance away from the

resonamnces.

Other modes: D° — ¢Y¢~, D — Xvp, etc. Very
small short and long distance => only large new

physics effects.
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Rare Charm Decays
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Factorization of Short Distance Physics

in ¢ — v Transitions

Effective Hamiltonian at low energies:

”Heff_—‘lG—FZC

Integrating out heavy partlcles.

e (;: Wilson coefficients. Content of the short
distance physics, e.g. the stuff inside the loop.

e O;: Operator basis. All possible (Lorentz
invariant, etc.) giving ¢ — u. Matrix elements

contain long distance physics.

New Physics will affect matching conditions on
the C; at u = M.
E.g. in the SM M ~ My, .
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Radiative Decays

(G.B., E. Golowich, J. Hewett and S. Pakvasa ’95; B. Bajc
et al. 95, C. Greub et al. ’96)

e ¢ — uy: Short distance determined by C'7(u)
corresponding to the photon penguin diagram

and to the operator
N
- 1672

The branching ratio is

O~

mc(ﬂLUIWCR) ) iatd
Br(D — Xu7v) = ...|C7(m¢)|”

which is O(1071'7).

Operator mixing, mainly with

O2 = (UrYpqr)(qey*cr),
plus large QCD corrections, result in

C7(me) — CS™ (my)

which give Br(c — uy) ~ O(107°).
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e Long Distance contributions to D — X~: Take

one example: D° — p°y. Two types of LD

diagrams:

Pole diagrams:

Vector Meson Dominance:

DO
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A (in Gev—1) Bp_ypry (107°)
P-II VMD <
—1.9 +6.0 6 — 38
—5.9 +10 7 — 12

~ 6.3

— ~ 0.2

1
—

— ~ 0.01
2 -6
~ 3.5

N = T e

+202 22222

*
O O O O O O N W O F = N +H N O 0|9

These contributions overwhelm (“irreducibly”) the

short distance physics.
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Dilepton Modes

(G.B., E. Golowich, J. Hewett and S. Pakvasa 01,
also Fajfer, Prelovsekk and Singer ’01)

D — X0T0~

e In addition to the photon penguin, now we also

w
C u C u
Z Wb%é\
It N

have

Then, the short distance is given by O7 plus

62

09 167T2 (?TI’L,Y,U'CL)(Z,YIUJK) 9

2
€

O10 5 (@ruer) (07" ys0) -

e Compute C7, Cy and C19. When QCD is added,

mixing with other operators. In the SM we have

BrSi)_)XJeJre_ ~2x107°

Brie s xoero- 8% 1077
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Long Distance contributions: Dominated by

intermediate vector meson states:

D — PVY — P¢T¢~. For instance, in
Dt — 7704, ¢ dominates.

Mode

Br(pole)

By (exp-)

DT —w7nt¢ = ntete”

DY wat¢ = ntutp”

Df - 7nt¢ = ntete”

Df w7at¢ = ntutu~

1.8
1.5-
1.1
0.9 -

<6.6-107°
<1.8-107°

<43-107%

e They affect the vector couplings of leptons.

the off-resonance effects can be included as

— PR A
87
7

mv; Ly, o+~

2

S — imViFVi 7

with the x;’s fit to D™ — 7TV, data.
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Finally, using semileptonic form-factors gives
predictions for D" — 71470,

D'->m" e e

(1/Tg) dr/dmg,2 [GeV™2]

and D° — p¢ti—:

D%->p% ¢ &

(1/T o) dT'/dmg,2 [GeV™2]

0.2 0.4 0.6 0.8 1.0
Mee [GeVl]
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Rare D Decays in the MSSM

e Non-universal soft breaking terms:

Lo = —Q"(M§)” @’ — D" (Mp)” D’
—UTN( MU + - -
_|_(ADin1QiDj ‘|‘AUin2Qin 4.

Stability bounds apply to trilinear terms A".
Bounds on off-diagonal Mg, etc. from FCNC.
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Effects of squark-gluino in Wilson coefficients:

e The operators O; and Oy get

) T {(5f2)LL Plgz(u)

Cs =
q

+(012) R Pi22(u) M; }

me

2
= 16 v w
03 = - o7 (Mg) T s (512)LLP042 (U)

e (1o requires two mass insertions

1 o

Cfo = _53(532)RL(5%2)LRP032<U)

Gustavo Burdman FPCP’02



e Operator basis is extended to include:

e
1672

2
e _ _
— (@rYucr) (VML)

mc(’L_LRO'MVCL) ) iald

— (@rYucr) (Ey"5L)

16 U P132(u)
9 ( ) T s {(512)RR A

12)LrPi22(u ) }

( ) mavs (012) RrR Poaz(u)

_53 (022)Lr(612) LR Pos2(u)

Gustavo Burdman FPCP’02



M3 enhancement

e In the SM O7 = Z5mc(troucr) F*¥ requires

m. 1nsertion

But here the flip is done in the gluino line

63—)‘~~l],_
V4 \ Yy
Y4

M -
k| ad . u

=> (7 (and C7) pick up a factor of Mz/m..
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Bounds on the (0;5)aB

e Best limits on (0")ap come from D° — D° mixing

(CLEO, FOCUS)

2 2
1 Amp Al'p .
— .04
2{(FD0 ) cos5+(2FD0) sm5}<00%
with 0 relative strong phase between

D° - K 7t and D° - KTn—.

e Assuming 0 is negligible

> 2
Mz /M2 (0Y5) L

0.3 0.03
1.0 0.06
4.0 0.14

x M3/500 GeV.
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The effects in D — 7¢* ¢~ moderately constraining

D'->m" e e

—SM
--—- (,IID

- —-av)

with

(I) : My = M; = 250 GeV

(II) : My = 2 M; = 500 GeV
(HI) = M; = 1000 GeV
(IV): M; = (1/2) M; = 250 GeV.

and we take (612)rr = 0 and (01%)rr. = (012)LR-
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Potentially large effects in the D — p¢™¢~ channels

D%->p0% ¢" ¢

T | T T T T | T T T T
— M
- - (,dID

e Low ¢° = m?. enhancement due to photon

propagator in C7 term. In D — 7w/ ¢~ this is

cancelled by matrix element giving (¢*v, — q. 4).

e Br(D° — p’ete ) ~1.3x107° ~ 5 SM.
BroP (DY — pleTe™) < 1.2 x 107 %,
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R Parity Violation in SUSY

e Large violation of R parity is possible if other
symmetries invoked to avoid proton decay. RPV

superpotential

Wr, = eabS\;jkL?Q?Dk + -

e In the mass eigenbasis we get
Wr, = )‘;jkz IN;V;1D; — E;U;] Dy +---

with
/ — X! L ~xR
)\ijk — )\irsurjpsk'

and U, D rotate quarks to mass basis.
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The interesting part of the super-potential gives

(expanded in components in the mass basis)

Wa = e {Valsbdidy, + didii, + (d5) (v])°

~& diud, — @ dhel, — (i) (e) u], |

Two insertions of last term => ¢ — u/¢’ transitions.
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This induces
/ /
Niok itk
2m2

7k
dR

OHer. (wryuer)(Loy"Lr)

leading to

2
2
0Cyg = —0C10 = s Ow (MW> Ni2k i1k

202 m jk
R

(More) model-independent bounds give -in units of
x(mg. /100) GeV-

/ / /
11k 12k 21k

0.02%) | 0.04® | 0.06"

a) Charged current universality.
b) R =T'(m — ev)/I'(m — pv).
c) D — K/lv.

Gustavo Burdman FPCP’02



Large effects in the 1~ channel.

D¢_>ﬂ_4- U» U-

(1/Fg) dr/dm,,? (GeV™2]

This actually => A5, A5, < 0.004 and gives

D%->p% U u°

(1/T'po) d'/dm,,2 [GeV™2]
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Effects in the eTe™ channel.

D'->1" e e

Gustavo Burdman

1.0
mee [GeVI

D%->p0% ¢" ¢

0.6
Mee [GeV]

0.8

1.0

FPCP’02



Forward-Backward Asymmetry in
D — pl*i~

FB Asymmetry for leptons

fl _d°r S dx fO _d°r S dx

AFB(QZ) _ 0 dxdg? - 1 dzdg?

dg?

with x = cosf. It’s negligible in the SM! But if
Cho >~ Cy it could be observable:

02—

Atot ~ 0.15 for pp~.
Atot ~ 0.08 for ete™,
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Decay Mode

Exp. Limit.

D+ — 7r+e+e_

2 x 1079

DY — poe+e_

10— 4

Dt — 7r+,u+u_

10— 9

— pOutu—

1090

— putu~

10— 6

— e+e_

10— 6

— u+e_

10— 6

Dt — 7r+,u+e_

10— 9

DY — pO,u+e_

WO |O|[O N[O
k| INdIN]IN|[OT]N
X|IX|IX[[X[[X[IX|X]X

1090
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Conclusions

Semileptonic Decays: Precision measurements of
D — (m,p)lv, D — K¢y => Tests of HQET,
SU(3), Lattice calculations. Impact on B

physics: Vys, predictions for exclusive rare B
decays (B — K™ ¢te7).

D® — DO Mixing: theoretical limitation, need to

understand long distance constributions.

Charm decays induced by FCNC are sensitive to
short distance physics if one stays away from

resonances: e.g. this is possible in D — w4~
and D — plT 0~

D — w0~ and especially D — pl™(~, are
sensitive to non-universal effects in the MSSM
scalar sector if sensitivities around (107°-107")

are achieved.

With current sensitivity around 10™° these
modes are already constraining R-parity violating

couplings.
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