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Rare Charm Processes

» Charm provides constraints on beyond Standard
Model physics that is distinct from B & K sectors

» Only now are experiments reaching “interesting”
sensitivity
m Rare Decays = Search for New Physics
m Charm Mixing — Constraints on New Physics
m CP Violation = Search for New Physics
e In mixing
o In decay

» This talk ONLY on Rare Charm Decays 7
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» Focus on neutral annihilation and radiative decays
= Highlight sensitivity to new physics
m Point out strengths & weaknesses of different channels
» Some comparison with beauty & strange systems
m Better, worse, just different
» Contrast techniques used in different environments
» Motivate future studies

» Try to cover almost everything in last 5 years but
will put most focus on D = hll
7
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~
Very low SM rates (BF (c—ull)~10? ) for loop processes provide
unique window to observe NP (TeV Scale) in rare charm processes

Rare Decays, D%-D0 oscillations & CP Violation

New Physics can introduce new particles into loop or new tree level
neutral current phenomena

New particles appearing on-shell at LHC must appear in virtual loops
& affect amplitudes in K, B and Charm

Supersymmetry: Extended Higgs:
Particles and couplings in rare charm _ g . 5 )
| ——— AN il C i
processes are NOT the same as in ) . 70
A ¥q = premomen
rare B and K processes ar

u C
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sics Searches with Rare D

NP models with extra up-type
quark. From arXiv:0801.1833

Example: c—ul*l-. Initially, exclusive modes look

0.10
unpromising for NP searches, in contrast to B decays. 008
Why? Because short distance effects are < 0.00
swamped by long distance contributions. T -0.05 |
Br short distance total rate ~ experiment =0.10
contribution only long distance contr. 048
SM SM + NP '
Dt — gtete= | 6x 10712 | 8 x 107 1.9 x 106 < 7.4 %1070
DY — wtutu~ | 6x 10712 | 8 x 1077 1.9 % 1076 < 88 x107° B}
D — plete= | negligible | 5 x 10~ 1.6 x 1077 < 1.0 x 1071 10
D — p"ut | negligible | 5 x 1071 1.5 x 1077 <22x107° 10°
However, differential distributions, and FB E 107
asymmetries, still have discriminating power. N
Q
. . =
And total rate can still be sizably enhanced 107"
in some cases: D%—uu ~10-13in SM, 10"

can go up to 107 in R-parity violating SUSY
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DO—plete- .

—=—=—- SM + new physics
—=—=- SM: A_~0

0 02 04 06 08 f
m, [GeV']

1.2

A —=—-= SM + new physics
| === SM: long dis. only
—— SM: short dis. only

-
-
-
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Radiative Decay & Neutral Annihilation — B, D, K

» Standard Model calculations range from simple to impossible

» Radiative Decay

m Beauty
o Precision: theory and experiment

m Strange
o Precision theory, experiment within reach
o Lower SM rate = greater sensitivity

m Charm
o Theory = long distance
o Existing measurements beautiful but...

» Neutral Annihilation
m Almost all New Physics parameter space limited by experimental
measurements
m Better limit = better physics (!) %
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Different Experimental Environments

Exp 3 Run 52 Forre 2 Event 10287
Eber £.00 Elor 360 Date/TNE Wed Jus O 21222204 1909
Trgh 3Dtk 43 Bmeld L5 24k

e+e- at Charm Threshold e+e- at ~10 GeV Tevatron
~5 tracks/event ~10 tracks/event 50 tracks/interaction
Up to 10 interactions/event
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Charm Threshold: CLEO-c and BESIII

» Events are extremely clean

m Charged & neutral multiplicities in w(3770)
events are only 5.0 & 2.4 ~ 1/2 that of

continuum charm at Vs = 10.58 GeV

CLEO-c
{,’. P Solenolid Coll Barrel
Calorimeter

Ring Imaging Cherenkov
Detector

Drift
Chamber

., Inner Drift Chamber /
» Events at Threshold are pure DD poon » o
= No additional fragmentation particles produced '\ ™ _ ,
m Allows use of kinematic constraints, missing N YN ' 'Emp
mass methods a2 ~ L & Calorimeter

Rare Earth

» Double Tag studies are pristine il :
m Backgrounds heavily suppressed )

= Minimizes statistical errors and systematic
uncertainties

» Signal to Background optimal
m o(Y(8770)—DD) ~ 1/2 o(e*e-—hadrons) bkgd
» Neutrino/K, Reconstruction

m Undetected energy & momentum interpreted
as neutrino/K| 4-vector

» Large enough data samples for
competitive rare decay studies

A
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K+

-
at BESIII ~a_
. e . . —
@y (3770) with 420pb first clean single tagging sample: | "
120000~ T - T T R \K
1 14000 -
10000 BESIII ] 12000F BESIII ]
8000F Preliminary - 100002— AT -
60001 7 8000; E
- 6000F A :
4000 | DO K 1 aoool | DK Resolution:
2000 3 2000F 1.3 MeV
oF | L o . . for pure charged
1.84 1.86 1.88 1.84 1.86 1.88 modes:
%000 © T T T T T R I " 1.9 MeV for modes
8090 BESIII g = BESIII with one 7.
7000; L 3 120000 oL
6000 Preliminary 1 10000 reliminary (3_ocut on AE)
20001 3 8000F ]
20002 | 3 6000 =
30005 3 : :
o000t | D> Krtmrt 1 4000 D° Knzt” -
1000F 4  2000F -
G- f f ! 7 I T n o] G: | L
1.84 1.86 1.8 1.64 -
mBC mBC \3{/
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Y(4S): Belle and BaBar

» Still pretty clean
» Excellent PID

» All charmed hadron
species accessible

» Enormous data sets now

» Anticipate 50x more at
Belle Il and SuperB

&
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Tevatron: DO & CDF (also LHCb ATLAS & CMS)

» Enormous cross sections

» Large boost

» All species available
» Good dimuon triggers

» Lots of Tevatron data and
collecting much more

» Even more at LHC

Pacific Northwest
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events per 5 MeV/c?

window

] =
D" u'u search

o

high mass
sideband

events per 5 MeV/c?

L ’ ’

L ’ ’

Neutral Leptonic Decays: D> uu

Earlier CDF Measurement

Only 65 pb 1 but better figures!

General Analysis Strategy

Normalize to, then veto D*
tagged .

Fakes measured with D*
tagged Knt

CDF 65 pb' D —=uu < 2.5x10

PRD 68, 091101 2003



Neutral Leptonic Decays: D> uu

CDF Public Note 9226 (2008)
CDF Run Il Preliminary, L=360 pb '

Expectation: D—uu SM<10-13 ¢ CMU-CMU s 10" &
J B-’L‘t_ilx 103 %
RPV SUSY~10"7 Combin >
B L —B-puX {10° ©
CDF 65 pb'! D »uu < 2.5x106 Ly g o B
c i - )~ o
VA"
CDF 360 pb'! D —uu < 4.3x107 ) l 11 8
Tl Y g 107 B
e | E S
5.5x more luminosity = 5.8x better limit : 102 ©
. . . . . [——‘ Ll 0-3
R-parity coupling violating constraint 20 25 3.0 3.5 4.01
Ay oy = 1.5VB(DO—= o) < 9.8x10- wp Invariant Mass [GeV/c’]
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Neutral Leptonic Decays: D%uu .

BELLE
Phys.Rev.Lett.93:191801,2004 7 k 7777 o 28RO TR Foam T e
S : 5

fee 11122 fb! 2 M 660 !

: L - 1 i :
o FLI0 L 0E ML) 0| 5 s i
= — o
S o . % 8 s, 182 L84 186 18 19
:-r] B N ”E i LT % 2| b) ce
P | | I S
A 11 I

Ev

Il N |

_ 1.82 1.84 1.86 1.88 19
25 ‘ '

AL HHH|H Il .H.Hl .NM | z@eu

17 175 18 185 19 185 2 205 15|
m(l'1) [GeVic? '

B(D’ > u ' )<1.3x10° M LABL J,U

1.82 1.84 1.86 1.88

B(D’ >e'e)<1.2x10° M[GeV/e’]

- | B(D" = ptp~)<14x107°
Best limits on neutral leptonic decays Belle 0 | .
Phys.Rev.D81:091102,2010 >| B(D" —5eTe)<T79x107°
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Two Body Radiative Decays

SHORT DISTANCE

LONG DISTANCE

o[ |
- e = D’
’ "L; - @%y

Phys.Rev.Lett.92:101803,2004 B(D° — ¢y) = (2.60707°"01%)x 107

PEAKING BACKGROUNDS NOT — —

MEASURED SO MEASURE THEM 2 D' —OY

FIRST N Z =

_ 2 20:— + = a 78 fb-l

A

P @ At A gyt

:100__ % 20—- - BRRTEPS % ; ' e T T o

g | : | 01.7’1.81:2"”2“

3 o e o Mw(GeVIc)
ey \ —" - FIRST RADIATIVE

15 M,, (GeVic?)
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Two-body Radiative Decays

U B B e Background
I [ D" - ¢ »° Background
2000 D° - ¢ 1y Background
1 ~  P(BG)
| P(D” - 42" + P(BG)
Total Fit
. Dﬂ

3 8 8

Events / { 0.005 GeV/c?)

PRD78:071101,2008
1.95 2
M(K K'y) (GeV/ic?)
M(KKYy)
= NC Sum
> E CLEO-c Preliminary —{—cCot
[ - = = MC Pipipi0
g ~—MC Radret
‘}é £ = MC DDbar
§ e -~ MG JPsRR
i oY, o Data
mf

Ph.D. Thesis (2008) " _—
PRD in preparation  $"ar aw 9 —

AE(py)

0.
Delta (GeV)

DeltaE NormalMBC

Events/10MeV

Events/ ( 0.002 GeV/c?)

I Generic Background
] D" — K =*n° Backgreund
o n Background

First observation of

1.9

D =Ky
(3.22+0.20+0.27)x104
Long Distance

Interactions not NP

M(K" *y) (GeV/c?)

M(Koty)

== \C Sum

CLEO-c Preliminary __|—wew (Confirmation of

== MCKPiP

~—— MC Radn ) &
= C DDb¢ D K Y
== MC Jpsif

vm  (4.37+0.37+0.52)x104

Improved limits
Note: SM prediction

Note: “other” D NOT reconstructed
Could ~eliminated all but “x°” background

16 - price tag 1/8 statistics

AE(K™)

" Deltai(cesB(D_’pY) = B(D_’(DY)
Deviation indicates NP

16



Two Body Radiative Decays

CLEQ-c Preliminary _

e Expectation: D—yy SM~10-8
- Could be enhanced by New Physics

CLEO D —vyy < 8.6x10°

Note: “other” D NOT reconstructed
Reduce “all” backgrounds - price tag 1/8 statistics

» BESIII sensitivity in 10 fb-! (12x CLEO-c) ~10~/

» Expect SuperB factory to have Standard Model reach

o

Pacific Northwest
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Two-body vs Three-body “Radiative” Decays

NP models with extra up-type
quark. From arXiv:0801.1833

0.10 ,

I -

C u 005 | DO—plerer /] Two processes:
A / long distance (strong

e v A
7 T 7 scale) and short
* \ / e ——— pd .
™ -005f\ / 1 distance (weak scale)
. \ //
N —=—=—- SM + new physics
-0.10 | —e—e SM: A0

SHORT DISTANCE H 018 T2 o2 os o8 1 1o Shortdistance effects

m, [GeV] are swamped by long
distance contributions

LONG DISTANCE 10°
l‘ 107 4 —=—- SM + new ?hysics
B | —==SM: long dis. only
A/ | — SM: short dis. only
ERTAA /’\,,/ \ 1 A e
S ,, N Differential distributions,
X -9 7 N T
o [ S el Tl -
/ 3 Dt rtete: ~ and Forward-backward
107" > asymmetries, still have
o . . . .
1o " discriminating power.

0 1 5 2 3
m, [GeVJ] %/

Pacific Northwest
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CLEO-c

Und | Event Selection & Kinematic Variables
pdate previous result j )

PRLS, 221802 (2005) 281 pb'@w(3770) |~ ooud ™ K. elD

to full data sample 818 pb' @ W(3770) | » AtW(3770)

and 602 pb' @ 4.17 GeV (DsDs*) m AE=Ej-E  .m & Mp=(Epeam®Pp?)""?
m Signal Box
4.76x10° D+ o (AE, M,)=(+20 MeV,+5 MeV)

1.10x106 Ds+

» At 4170 MeV

H M(DS) and IVlrecoil(DS)
Do NOT reconstruct tag D+ or Ds+ = Signal Box

o (AM, AM._,)=(+20 MeV,+55 MeV)

» BREM photons are recovered around
each electron candidate (100 mrad)

n, K p>50MeV, cosB <0.93
» electrons p > 200 MeV, cosB < 0.90

7

Pacific Northwest
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Search for D(s) 2 hee, h=r or K

Remove double semileptonic
decays missing energy veto

v
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» Data
CLEO-c Results: D> hee MO DD

D*>n*ete- D*>K+te*e D*>mete* D*=>Ke*e* I: MC

D' —=ntete [no-EID] D"—=K'ete [no-EID] D' —metet [no-EID] D' —K etet [no-EID]
T T T T T T T T ] 4 T T ]
= MC DD = 1000 MCDD | = MCDD = MC DD
000 e 4 [CIMe 3000 Cmew 4 [IMe
~ RS EIMCRR -~ bk b &‘ BMCRR  { M BMcRR  { >~ EIMCRR -—
‘2 et WMC g 2 ".’}. ‘,Mm A HH WMC g7 g K&l WMC 43 :g 20000 ¢ WMCqg h‘c
o o "B o . ] = * 1
§
& & #““"0’.:9“,'_ Ay B 200 ) N 4 & f 1 ) q q
VWY i e, : {
500 |- g y b\ 1
O o, | 10000 |- ' B
P e, ] J 1
o i . No electron

I | identification

0.1 -0.05 0 0.05 0.1 0.1 -0.05 0 0.05 0.1 0.1 -0.05 0 0.05 0.1 ?O.I -0.05 0 0.05 0.1
AE (GeV) AE (GeV) AE (GeV) AE (GeV)
D' —=natete [n,=1] D'—=K'e'e [n,=1] D' —meter [n,=1] D'—K etet [n,=1]
> T T T " > i T T T " ] > T T T N > T T T N
.,é: )l.):c Db ﬁ 1 nD«: Db § i’m Db § E{C Db
2 Bicw ] < |l mcw | < Bk | = mhcus ]
g ﬁ ﬂ. 14 WMC g7 ‘2 'T »+ '+H,H + ‘+ H+ [T gg H H+ + WM 4T g 100 - | } + + WMC 47 ] 1 eIeCtron
o fil ) ! 1 ) 1 i © {
2wl 11 hHH 12 | ! ++ |2 i HH | & ¢ 4 1 . ‘g .
| 3 | i olaler Lt
Fld . Rt 7 I { Mkt ] e | identification
T ¢ ' R AN o[ R U OE
al 14 4 Sty i
h et it s = — i “ B A ey ey
(-,0 1 -0.05 0 0.05 0.1 l-]D 1 -0.05 0 0.05 0.1 E]0.1 -0.05 0 0.05 0.1 f]0 1 -0.05 0 0.05 0.1
AE (GeV) AE (GeV) AE (GeV) AE (GeV)
D' —=ntete [Final] D'—=K'ete [Final] D' —meter [Final] D'—=K etet [Final)
% ek I I o J % 6k ' I P ' ' "Daa > I I "bua
= MC DB = MC DB = MC DB = MC DB
S EMCH =] L CIMC T =] i Ovew | | S NiguEt Lol Bsea ]
: L e CE =1 2 electron
4 -+ — 4+ - i
: | : | : z identification
1 1+ -+t . 0.5t ; B

&
&2

2 ‘ \ : Ll
L_l—kll_-_l_f— [m] _m_ . . I ;
.1 -0.05 0 0.05 0.1 .1 -0.05 0 0.05 0.1 0.1 -0.05 1] 0.05 0.1
AE (GeV) E AE (GeV) AE (GeV)

Pacific Northwest
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+ Data
CLEO-c Results: D.2>hee (with tight c M DD

Dsf>n*e*er D >Kte'e D" >me'e* Dy >Ke'e’ C MCrr

D' —=ntete [no-EID] D"—=K'ete [no-EID] D' —metet [no-EID] D' —K etet [no-EID]
% I I . Data = ' I . Data > I ' AR l I . Das ht‘ R R
= MC DD = L MCDD | = MCDD = MC DD
o0 [Omcw o & 1o [IMC S 3000 [Omce - O [IMC
-~ S EIMCRR . el BMCRR  { W BMcRR  { >~ EMCRR -—
z . I M g5 2 ".’}:‘,m”ﬁfw EMC g5 2 & EMC g5 2 20000 - MOy - &ic
E‘ ‘% .*3’0‘{’4"0:“»»"‘ ) # ] ":>'; 000 1 S : 1 ] q q
500 - AL 3 ] | 1
| R 1 No electron
] 1000 *Sol e <«
e ___ identfication
0.1 -0.05 0 0.05 0.1 0.1 -0.05 0 0.05 0.1 0.1 -0.05 0 0.05 0.1 0.1 -0.05 0 0.05 0.1
AE (GeV) AE (GeV) AE (GeV) AE (GeV)
D' —=natete [n,=1] D'—=K'e'e [n,=1] D' —meter [n,=1] D'—K etet [n,=1]
> T T T i > T T T } > T T T y > T T T y
i rl.):nﬁ § or rl.)«; Db ) § Z: Db § E(: Db
2o mvew 1< ld mvcw | < woldf mhcw | = Ehch |
R TR TR I Tl i H* =5 g Uy =i 1 1 electron
E L0 T LR TTR O i I R |
[5 100 - ﬁTf + 1 m + H. + m * T’ 4 + i m H l" . . LN ol .
STV Mo RiE T SLEER Wi identification
LTt + * o +‘+++H' sl T+ +'T"'H:
o +" ++.‘ 1 ‘-+ ﬂ‘ | + 4
h [e=tas S e s “ B e
(-,O.I -0.05 0 0.05 0.1 l-]CLI -0.05 0 0.05 0.1 E]O.l -0.05 0 0.05 0.1 ?O.I -0.05 0 0.05 0.1
AE (GeV) AE (GeV) AE (GeV) AE (GeV)
D' —=ntete [Final] D'—=K'ete [Final] D' —meter [Final] D'—=K etet [Final)
% 6 I I . ID:-u . % 6 ' ' ID:-u 4 % I ' "Duh ?} I ' . lD‘.na
= MCDD = MCDD = McDB | = MC DD
E s 1L oin | 2L gl 8 L0 L g ]
é .::g:a é WMC g5 é W MC g5 é WMCqT 2 eIeCtron
af -+ g 4t s 1
: : : z identification

] L_l—‘__l__l_— . Com m ) :
. . 0.05 0.1 0.1 -0.05 0 0.05 0.1 0.1 -0.05 1] 0.05 0.1
AE (GeV) AE (GeV) A AE (GeV) AE (GeV)
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Channel B
. DT —meTe <59x107°
CLEO-c: Final Results D" —netet <11x10°°
Dt — Ktete™ < 3.0x10"
DT — K ete® <35x10°°
DY —atglete) (17558 +£0.1)x107°
<37x107°°
"""""" MBS RARAS SARLS LA IUULES RILLAT IR RAE RALN - T
D—-Ke'e 1 Donee 1] D -Ke'e™ ]
. o ° ® o . © P
‘..o . o {eo D * .
[ 3 . le %o oo © E
g ] " oy E . . s o
o ® o o Fe . o ® o . . 1
es,0% ® ....__ ° W hd __oo' .'..oo_'
L] L]
e P '..P-ln.?.?..‘I....I..'D.I.-.: .....h....l..'...l.f-..'
-50 0 50 -50 0 50 -50 0 50 -50 0 50 50 0 50
AE (MeV)
FIG. 1. Scatter plots of AMy. vs AE. The two contours for each mode enclose regions determined with signal MC simulation
to contain 50% and 85% of signal events, respectively. The signal region, defined by (AE,AM;.) = (£20MeV, £5MeV), is
shown as a box.
D, > (e e)f ,DeoKee | Doomee § DisKee |
- e o Te :
. . ! | .. . N ] 5
T R T L
. ¢ o ..c : < J I 0. ) ¥ . -
. . e o b - y
AP IS P S P |....|...T| ........ |.°...|....|....9...|....0|....|..'...."
50 -50 0 50 -50 0 50 -50 0 50
AM (MeV)
+ + .+, —5
FIG. 2. Scatter plots of AM,.c.i1 vs AM. The two contours for each mode enclose regions determined with signal MC s D s 7 me e < 22 X 10
to contain 40% and 85% of signal events, respectively. The signal region, defined by (AM, AM;ccon) = (£20MeV, 2 D+ — T e+ e+ < 1.8 % 10_5
is shown as a box. ‘_g*_ + 4 - _5
D — K'e'e < 5.2 x10
Df — K ete" < 1.7x107°

Df —nt¢(eTe”) (06705 £0.1) x 107°
<18 x107°
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BABAR

23

288 FB'!

VERY SIMILAR TO CLEO
APPROACH

SELECT CONTINUUM D’s
TO BE ABLE TO MAKE
MISSING ENERGY VETOS

EXPANDED TO INCLUDE
ALL HADRON SPECIES
AND BOTH DIFELECTRONS
AND DI-MUONS

Rare Charm Decays - CKM 2010

Total visible energy (GeV)

14

8
6
4
2

(=]

1 1 1 1 11 l 111
0 0.5 1 1.5 2 2.5 3 35 4 45 5

2-D Missing energy veto
e o

[JI.IIIIIIIIIII

b s

sl b by s by s by g 1oy | PRI

Transverse momentum (GeV/c)

§ 20000E-9 BABAR

= Preliminary

9.24 225 226 227 228 2.20 23 2.31 2.32
p*K'n* invariant mass (GeVic?)
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NATIONAL LABORATORY



BABAR Results
e e 1 u

1l B(D" > r'e’e’)<11.2x10°°
B(D' > 7 u' )< 24.4x10°°

o 1 1 nn A . b T ) v
L B TR ¥ R N TR KR XL S R X - R X L T S ¥ I ¥ 108 X :
x'e'e” invariant mass (GeVic?) ='w'u- invariant mass (GeV/c?)

2 BABAR [ BABAR
g 14 Preliminary 3 Preliminar %

K] M&’ ” HH | o Een iz

'~!I|- i |'n" | MHJ%! B(Ds+ —)K+/J+/U_)<6.6x10_6

87475 18 185 10 105 2 208 21 b g NN I 0 1
K*e%e” invariant mass (GeVic?) K'u'w invariant mass (GeV/c?)

:s B1BA Eu R
. Prelimina g 0 Preliminary ~ _6
i, i B(A, —> pe'e )< 3.6x10
- g _ _
Pl M o B(A, — pu'u)<40.4x10°°
:‘: ‘ 1 L:m«:} 2 “ l - “'l
37 7227228 226 2 2 p%}:_ | m‘::mzm(é:wc%4 ¥y Thl“ﬁ‘sh%ﬁ it I"vi:m u'mu(éowc’)A
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D0 Experiment

1.3 FB!, VERY SIMILAR TO FOCUS APPROACH

100
80

60|

40

20

ﬂ: °o 5 10 15 20 25
pion impact parameter significance (Signal MC)

Y ; -~~~ "COLINEARITY D* MC

ANGLE 0
FLIGHT DATA

LENGTH P IMPACT . SIDEBANDS

SIGNIFICANCE \ PARAMETER “’
. SIGNIFICANCE w

8 8 8 &§ 8 3 8

-
=

5 10 15 20 25
pion impact parameter significance (D+ MC)

1 i1 ! L 1
0 5 10 15 20 25
pion impact parameter significance (sideband data)
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D0 Experiment

1.3 FB’!

ISOLATION § / /

., VERY SIMILAR TO FOCUS APPROACH

Mf

f
f

100

Sy

Iy
Sp !

Y

FLIGH

LENG
SIGNIFIC

Cannot make missing energy veto like CLEO or BABAR

Do not have particle ID like CLEO or BABAR (or FOCUS)

DO experiment has excellent muon system which enables

the measurement of D+ - muu and D+ =2 Tuu

15

D* MC

T

0 5 10 15 20 25
pion impact parameter significance (sideband data)

120 0 5 15 20 25
100 o pion impact parameter significance (D+ MC)
80"
60|
40f
20}
okt s L I ]

Pacific Northwest
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D0 Results

15000!!!! 1511~||||]||| rrrrr |
_ [ — DJ, 1.3 b’
“ 300
[®] « |
Z o Y
< 10000 Z 10
L 2 r
L < 200
& N i
= 5000 § 5 i
Z 100 _ I
¢ REQUIREMENT
|| O I S Ol o 0...|..I..|:....|....
040  0.65 090 1.15 14 1.40 1.65 1.90 2,15  2.40 1.40 1.65  1.90 2.215 2.40
m(u'1) (GeV/ch) m(t'u 1) (GeV/e?) m(m 1w (GeV/eY)

BD" > ¢ >ru ' )=(1.8+0.5+0.6)x10"°
B(D" > 7 u " )<3.9x10°°

o

Pacific Northwest
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Some Comparisons: D 2 ¢n+

50 0 50
AE (MeV)

MILESTONE |: ALL THREE
HAVE REACHED
SENSITIVITY TO SEE ¢7x IN
THE llr CHANNEL
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Some Comparisons: ¢ =2 ull

MILESTONE Il ALL THREE HAVE SET LIMITS NEAR 10° LEVEL
USING MODES BEST SUITED FOR THEIR
EXPERIMENT/ENVIRONMENT
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Some Comparisons: ¢ =2 ull

MILESTONE Il ALL THREE HAVE SET LIMITS NEAR 10° LEVEL
USING MODES BEST SUITED FOR THEIR
EXPERIMENT/ENVIRONMENT
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Expectations & Conclusions
» Rare Charm Decays are a unique probe for New Physics

» Very diverse set of results from 5 experiments at 3 energies
m Other than CLEO-c - only fraction of data analyzed

» Leptonic Decays - ~10 limits from Belle (660 fb-1)
m Comparable results expected from CDF with current data sample
m Comparable results expected from BESIII with 10 fb-
m LHCDb expects to set limit of 4x10-8 in 100 pb-*

» Radiative Decays — py,wy, vy limits from CLEO-c ~10-°
m 12x data (eventually from BESIII) — 107 limit expected

= Note in SM long distance effects D>vyy = D>uu so D>yy
determines size of New Physics window in D> uu

» ¢ - ull — variety of limits from CLEO, Babar, DO ~10-°
m Expect LHCb will do better than 10-" before BESIII results ~1QZ/
o LHCD sensitivity studies not yet performed Pacific Northwest
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