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search for CP violation
DO-D° mixing
Rare decays

» AWG activity

analyses ongoing
analyses to be studied



Search for CP violation



Charm Physics and searches for Physics
beyond the Standard Model

» Recent evidence of CP violation (CPV) in D° decays from LHCb
and CDF has renewed the interest for searching new physics in
the charm sector:

observed asymmetries are marginally compatible with the SM but not
conclusive for establishing new Physics.

» Some hot topics in Charm Physics:
Search for CP violation in Single Cabibbo Suppressed (SCS) decays,
uniquely sensitive to new physics through tree-penguin interference:
measure CP asymmetries in individual decay modes and keep improving precision;

measure additional decay modes with similar quark transitions: c—u d dbar,c—u s
sbar.
Search for Flavor Changing Neutral Current (FCNC) decays, highly
suppressed in the standard model:

however difficult to calculate SM long distance contributions.



Understanding origin of CPV in SCS decays

e Enrico Franco, Satoshi Mishima and Luca Silvestrini arXiv:1203.3131
e Gino Isidori, Jernej F. Kamenik Zoltan Ligeti and Gilad Perez arXiv:1111.4987
. Another important experi-
mental handle to decide whether the observed signal can
or cannot be accommodated in the SM would be observ-
ing or constraining CP violation in other decay modes.
corresponding to the same quark-level transitions.
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Decays that are accessible at the B factories, not a complete list!

DO TT+7T, T TT-TT0, 27742 71T, 2770 - DO KHK-, KHK-110, KK-11*, KsK*HTT-
D*—= 110, TN, TN, 21071, 21T T - D= KK*, 10, KA1 10, KK 1T 7T
Dyt = Ko1r¥, KT, Koo, Km0, K*n, Ky - D™= 2K'K

A= pTTH T, p2TTH2TT - NAF—pKK



CP violation in D decays with a Ksin final state

» CP asymmetry in charm decays with a Ksin the final state is expected
to be (-0.332%0.006)% due to CPV in K%K mixing.

» Sizable difference from this value would indicate CP violation in the

Ac transition (very small in the SM) indicating possible new physics
effects.

Example: D*—Kn*
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Doubly Cabibbo Suppressed (DCS) diagram



Measurement of AA., from LHCb

DO> KK, DO A. Carbone at Charm 2012
L=0.6 fb"!
Phys.Rev.Lett. 108 (2012) 111602
= We are looking for CP asymmetry defined as
T’ —=f)-TD — )
[(D° — f)+I(D° —f)

Acp(f)

with f=KK and f=mm and

/
Avaw(£) =[Acr ()| H Apfh))+( A (7o) + [4p (D)

e /]\ ~ / AAcp = A, (KK) = A, (270) = Acp (KK) = Acp (717)

Physics CP_asymmetry Production asymmetry . . .
= the production and the “slow” pion detection
Detection asymmetry Detection asymmetry of . il |
of DO “SIOW” pions Osymmefl"les Wi COnce

o D/D (as well as B/B) production asymmetries need to be taken
info account in proton-proton interactions at LHC
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aF Systematics & Result
A. Carbone at Charm 2012
Kinematic binning 0.02%
Fit Procedure 0.08% Several of the systematic uncertainties
Peakng background  0.04% "o o el cmener - o
Multiple candidates 0.06%
Fiducial cuts 0.01%
Sum in quadrature 0.1'1%

[AACP = [—0.82 £ 0.21(stat.) £ 0.11(sys.)] (7;

[Significance: 3.50 ]




» Total samples in
TR Result |iglulenl;

— O.BBM

Aobs(KK) - Aobs(mm) = (-2.383+0.14)% - (-1.71 £0.15)% =

G. Punzi at Charm 2012 l

AAcp = (-0.62 £ 0.21 (stat) £ 0.10 (syst))%

CDF Public note 10784

This is .70 away from zero, indicating presence of CP
violation in CDF charm data.

The uncertainty of 0.2 % dominated by the sample size.
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Search for CPV in D)*—Ks’h* at BaBar

: - e KK D — KOK* (DR
> ) ]{’0 (+ : K* SCS - 7t
D} %{ ) I)Li_ﬁ E Eé om % : T o
Sl o K SCs | o; G
s CF s i

o Contmbutlon from K° — K© mixing [PDG 2010): +(-)0.33220.006% when a K

( K ) 1s in the final state

* Any deviation would be evidence of CP violation in the charm system

¢ Already published by BaBar: Di — K Y i[Phys Rev. D 83, 071103(R) (2011)]

Acp=(-0.1120.13(stat)=0.10(syst))% (after removmgK 7 mixing contrib.)



Reconstructed asymmetry

* Measured asymmetry is the sum of three contributions:

D s)

S DS DS
Arec = ()+A ()

(cos 0, ) + AT (pE2 ey, cos 03 )

* CP asymmetry, Acp
* Fwd/Bwd asymmetry in c¢C production, Arg

* virtual photon interference with virtual Z°

* Detector-induced charge reconstruction asymmetry, A.
* reconstruction asymmetries and matenrial interactions
» affecting only the track not coming from the Ks

* Corrections will be applied to remove A. , while Acp and Arg are
measured



* Data-driven method to remove detector-induced asymmetry A,
* 100M generic tracks with no asymmetry from physics:
Y (4S) events, after continuum subtraction
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CP asymmetry extraction

* After removing the charge asymmetry induced by detector
effect, the measured asymmetry can be written as:

Np+ —Np-  App+Acp

A —
Np+ + Np- 1+ AppAcp

~ Arpp+ Acp

* Arg asymmetry 1s an odd function
of the D polar angle © in CMS

(only first order term below): Acos©>0 + Acos ©<0

A —
8 cos © e 2

Arp(cos©) = §aFB T oC e ) Acos@>0 _ Acos ©<0

Aqrp =
CP 9

* Each pairs of symmetric cos © bins produces one asymmetry value

: : DR s
* Values are combined using a X" minimization
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Acp, Arp extraction

A(+]| cosf}|) — A(—| cos})

App(|costlp|) =
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Systematics

* Domimmant contributions:

* correction of detector-induced asymmetry
* choice of binning (only for D= - K)r%)

Syst. uncertainty (absolute) | D* - KYK* | Df — KoK= | D — Ky~
Efficiency of PID selectors 0.05% 0.05%
Statistics of control sample 0.23% 0.06%
Selection of control sample 0.01% 0.01%
cos ©* binning 0.04% 0.02% 0.27%
K°-K° regeneration [ 0.05% 0.05% 0.06%
K°-K? interference [2] 0.015% 0.014% 0.008%
Total 0.25% 0.24% 0.29%

[]
2

| a 06.1938
| a :1110.3790v1




Final values

* Corrections to the final values for biases and interference effect

D* - KK+ Df - K)XK* D% - Krt
Acp value from the fit (+0.16 +0.36)% (0.00 £ 0.23)% (0.6 £ 2.0)%
Correction for the bias from toy MC experiments +0.013% —0.01% -
Correction for the bias in the PID selectors —0.05% —0.05% -0.05%
Correction for the K2-K} interference (AAcp) +0.015% +0.014% —0.008%
Acp final value (40,13 +0.36 +0.25)%| (~0.05 + 0.3 + 0.24) %| (+0.6 £ 2.0 £0.3)%
i connbution (~033240.006)% | (-0.33240.006)% | (+0.332:+0.006)%
from K°-K" mixing
Acp final value (charm only) (1046 +0.36 +0.25)%| (10.28 +0.23 + 0.24) %| (+0.3 £ 20 £ 0.3)%
469 fb! (value)=(stat) =(syst)

* No sign of physics beyond the SM

BABAR(469 fb™ 1)

Belle(673 fb™ 1)1

DF - KK+
D - KK+
D - Ko+

(0.13 £ 0.36 £ 0.25)%
(—0.05 & 0.23 + 0.25)%
(40.6 £+ 2.0 + 0.3)%

(—0.16 £ 0.58 £ 0.25)%
(+0.12 £ 0.36 + 0.22)%
(5.45 + 2.50 & 0.33)%

[1] Phys. Rev. Lett. 104, 181602 (2010)
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CP violation asymmetry

Systematic errors

0.005
k& o — 7|7
X oo0s B //W///////%///ﬁ/
O o -
< oo01F
-0.015 - | | | | | | | | |
0 — FW-BW asymmetry
Vg 001 | |
<C 002 F —t+
-0.03 ;— ——
-0.04 O:_ | | | ! O_|5 ! | | |
lcosegMo

Source oagp (%)
AZ+ determination 0.064
Fitting 0.003
cos Qgﬁfs binning 0.008
Ap correction 0.016
Total 0.067

Ap is due to different K°-K° interaction with material

eAsymmetry due to neutral kaons to be corrected with
acceptance effects as a function of Ks decay time by
(1.040+0.005) Y. Grossman and Y. Nir, arXiv:1110.3790

AP RS = 0.363+0.0944

-0.067 (%)

977 fb-!

arXiv:1203.6409v1

3.2 standard deviations away from zero




Phys. Rev. Lett. 106, 211801 (2011)

791 fb-!

Search for CPV in D°—K°%P° decays

Distributions of the mass difference M (D*) — M (D)
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( Belle (%) i Source K27° (%) K2n (%) K2 (%) h
(0] 0O _0 . .
AD —Kgm —0.2840.194+0.10 Al determination 0.08 0.08 0.08
% B s ’ ’ ‘ Fitting 0.02 0.12 0.10
Anp 9" 40.5440.5140.16 cos OSMS binning <0.01 0.01 0.03
DO KOy’ K°/K"-material effects 0.06 0.06 0.06
A +0.9840.67+0.14 Total 0.10 0.16 0.14

/




Search for CP violation in SCS

D*—a'n, nrtan’

oyt d 09 T
D™ am’, N’ 2Ty
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7 uk D* Ds*
g 10 SCS Cabibbo
é of Favoured
2 & ot o iy
. 23 7K ’%23K1\I-m;x‘G°W°E‘ )
sf b)om
D- Dy

e ) A ' '
791 fb-!  Phys. Rev. Lett. 107, 221801 (2011) 3 @”‘““*’**'*Wi*&"’uffhw*%»*fMWW#WW“H*”MWWWMWJ,
+ ‘|’ - ‘ - 1:85 113 1‘195 M; - 1Ge\'/c§;os
AL = (#1.74 4+ 113 £ 0.19)% =
Dyt 955 fb!  arxiv:1110.0694v2
kACP = (—0.12 £ 1.12 + 0.17)%.) Ag;—>¢w+ — (40.51 + 0.28 + 0.05)%

assuming no CPV in CF Ds* "¢
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Recent BaBar D* — K"Kt (vs cosOy)

Np+/ep+ — Np-/ep-
Np+/ep+ + Np-/ep-

A=
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FIG. 3: CP asymmetry as a function of | cosf#c )| in the data
sample. The solid line represents the central value of Acp and
the dashed lines represent the + 1o interval, determined from
a x° minimization assuming no dependence on | cos 6o /.

M. V. Purohit, Univ. of S. Carolina 3
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Recent BaBar D™ — K'K ™ (CPV By Regions)

S —
CE
< | BaBar
E Preliminary
15
|[BaBar [
Preliminary] :
05
i | 2 1 1
15 2 25
m(K'K’)
Dalitz plot region N(D") [e(D™)%|| N(D7) [e(D7)%] Acp|%|
Below K*(802)” 1882 + 70 7.00 1859 + 90 6.97 |[-0.65 & 1.64 £ 1.73
K*(892)" 36770 £ 251, 7.53 36262 & 257 T7.53 |[-0.28% 0.37 £ 0.21
¢(1020)_ 48856 + 280 857 48000 + 289| 854 |-0.26 +£ 0.32 + 045
Above K*(892)” and &(1020)|25616 + 244 8.01 24560 + 242| 38.00 1.05 + 0.45 + 0.31

TABLE I: Yields, efficiencies, and CP asymmetry in regions of the Dalitz plot shown in Fig. 5. For the CFP asymmetry the first
error is statistical and the second is systematic.

M. V. Purohit, Univ. of S. Carolina 41 ' USG
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Recent BaBar D= — K'K-n* (LHCb Style)

: 321 0 1 2 3
m (K'K) GeV? Normalized Residuals

3

1 1.5 2 25

FIG. 4: Normalized residuals of the Dt and D~ Dalitz plots
in equally populated bins (left) and their distribution fitted
with a Gaussian. We find the distribution to have a mean
of 0.08 4+ 0.15 and a width of 1.11 + 0.15 and a probability
of 72% that the two Dalitz plots are consistent with no CP
asymmetry.

Uy of Bos Can
Vg Enerpy Mryses amo

M. V. Purohit, Univ. of S. Carolina 42 ' USG
22



Recent BaBar D — K" K-t*
(Simultaneous Fit to D", D)

Resonance r (%) Ad (%)
K*(892)° 0. (FIXED) 0. (FIXED) M, |2— | M, |?
RK3(1430)°| —0.40%5%8 £ 442 | —611782 1130 | T = | M| 2| M, |2
#(1020) 0.3517 %% £ 0.60 7431350 £2.35
[BaBar NR 14301167 £ 508 | 256719 +8.01 Ad = ¢, —
L #(800) 2.001 552 + 1.85 210125 + 1.01 4 4
Preliminary] ao(1450)° | 5.0775% +030 | 40049 +3.83
Az Ay
£o(980) | —=0.199%2:155 + 0.084| —0.231151%0 + 0.079
fo(1370) | 0.0197994% + 0.022 |—0.004575537 4+ 0.016
g " <
8™ 9
£
w100 w
<2008
300
‘m-l Laasld Laaad L 1 ] - 4 L & 1 aaadisal Laaadaaad
04 06 08 1 12 14 Al6 18 2 Al“ 15 2 1* ’ 0;4‘06 o,l‘ 1 ll.l I.JAI.G‘LG 2
m(K'") (GeV?) m’(K‘K) (Ge\F) mAHK ") (GeV?)

FIG. 6: The difference of the Dalitz plot projections of data (points) and the fit (blue curve) between the DT and D™ decays.
The width of the curve represents the £lo error of the fit.

M. V. Purohit, Univ. of S. Carolina 45 ‘USC

vy U B Candra
W Energy Py S
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Time-integrated CPV measurements
at the B factories

D9 modes: direct + indirect CPV

D)™ modes: direct CPV

Belle(2005) D° — K*n'n® ]
Belle(2005) D° — K*wmtor BaBar(2005) D* - K'Kn*
BaBar(2008) — D° — w*n Belle(2010) e D — KK
BaBar(2008) - D° - K*'K
Belle(2008) | D° - wtr BaBar(2011) D* — Kl
Belle(2008 D° - K*'K
( : 0 Belle(2011) D* — '
Belle(2008) D” — n*mn®
BaBar(2008) D® — w*n® Belle(2011) D* — n*yy’
BaBar(2008) D° - K*K'n®
Belle(2011) D° — Kosﬂ Belle(2012) . D* — w*¢
DO - KO ’
Belle(2011) — T Belle(2012) D* — Ki*
Belle(2011) ] D® — Kon®
1 1 1 | 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1
-4 -2 0 2 4 6 -6 -4 0 2 4 6
Acp (x 10'2) Acp (x 10-2)

At the B factories was found evidence of CP violation in D* —Ks°m* decays.

Systematic errors kept under control below the 103 level.




Search for direct CPV at SuperB

No ongoing studies for determining sensitivity to direct CP
violation (AFAIK) in charm decays at SuperB. Several modes are
better reconstructed at B factories than at hadron colliders (and
some at charm threshold):

DO— mrmrm?, 2m0 KsKs, D%— Vy, ...

D*—=mmo,....
Feasibility of the analysis at Y(4S) and at charm threshold:

establish optimal experimental technique;

bkg studies;

evaluation of systematic errors (?);

sensitivity.
Good place where to contribute. List of golden channel to study
from theorists.



DO-D° mixing



G. Casarosa at Charm 2012

i Mixing and CPV with Lifetime Ratio Analysis

=2 Other experimental observables sensitive to mixing and to CP Violation:

. . (" (N0 — o )
Mixing & CPV observables A, = 10" = CP+) = T(D" > CP+)
I (CP ['(D? = CP+) + I'(D” = CP+)
+ + : .
cp= g -1 & AY = E Ar ['(CP+) = effective D°width
FD Iys (_ for decays to CP+ eigenstates )
[(CP+) = [ T(D° = CP+) + I'(D° = CP+) ]/2 direct CPV:
.. | hi —\/,,, ' |_“I,, .\;,g. -
2 In terms of the mixing & CPV parameters: AD S/ A 5 A/ A
1 I 1 ih ,
l/?};» = Y COS Opge _) [.'l,\/ | l’,’;] xS Gpup — 4-»1‘\/-11,; U COS Opp CPV in mixing:
] o .
AY™ = —zsin Dbk + = [-\\1 + -\ ] 1y COS Oppe + I.—\_\;.-\/}f' TSI Opke { L as }

* in general, both observables depend on the final state

* sensitivity to direct CPV ~ 10—, below our current experimental precision
[J.Phys.G G39. 045005 (2012)]

* in the SM, ¢ is the same for all the final states to a very good approximation
. o [PRD 80. 076008 (2009)]
« in case of no CP violation: y_, =y and AY = 0.
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(T, ARERT|

|
= +24 " R
= R NN e i e ‘N t e
- -2-. | ..A'.l‘. |
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t(ps)
CP+ lifetimes
rt = (405.69 +1.25)fs
T = (406.40 = 1.25)fs

[stat error only]

DO lifetime

(408.97 = 0.24) s

[stat error only]
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< Lifetime Fit Results & Interpretation

BaBar PRELIMINARY BaBar PRELIMINARY
[stat error only] 4 A

T n o] yep = [0.720 £ 0.180(stat) = 0.124(syst)|%

+ AY = [0.088 = 0.255(stat) £ 0.058(syst)|%.

_+ PDG D° 2 exclude no-mixing hypothesis @ 3.3¢0

T —— e
lifetime 2 no CPV observed
10 \_ /
—_—

404 406 408 410 412
([ HFAG y averages ) )

T (fs) (
(HFAG) direct AHF}G average

2 most precise single measurement of y_; measurement

2 this result is compatible at least 2% (5%) with previous y ——
BaBar result [PrRD 80, 071102 (2009)], considering: old®
» systematic errors fully (63%) correlated,

* 40% of the events in the current dataset are also present 0 05 1 15
in the previous datasets (63% correlation); (%)

2 this result supersedes the previous BaBar results.

éa )
kcompatibility yvsy.: from 3% to 180/3

) ro1d” - (April 2012 HFAG average) excluding the measurement presented here
“new” - including this measurement and excluding the previous BaBar one 21
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D® — K+K—,n 7~ (update with 976 fb™?)

Results (preliminary)

Ycp
Ar

(+1.1140.22 £ 0.11)%
(—0.03 + 0.20 4 0.08)%

@ ycp is at 4.50 when both errors are combined in quadrature and at
5.1c0 if only statistical error is considered
@ Ar is consistent with no indirect CP violation.
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New Belle results on D° — D° mixing

Belle preliminary (976 fb”)
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D° — K*K—, 7t~ (update with 976 fb™?)

Mean proper decay time as a function of cos#* for D° — K—=n+

1.1

j SVD1 .-é’-"" [ sVD2 B daa
X + 2 B MC
T 105 H- - -I—-— £
& +,+ £ Loz
+ T -
*—+jlf—_ -~ - 1 -+ T —+—_‘_-+—=’=:$::t
s 098 | + ++
095 —
go W v o v 1w PP | PRI B 1
-1 -5 0 05 1 -1

as 1
. .
cos 0 cos ©

@ Disagreement between data and MC of up to 5% of lifetime

o due to different resolution function offsets
e attributed to SVD misalignments

@ Measurement therefore performed in bins of cos #*
o 20 bins

o additional cut: |cosf*| < 0.9 (1% events lost)

M. Starié (1JS) New Belle results on D° — D° mixing

Hawaii, 14-17 May, 2012 10/ 21
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New HFAG averages for ycpand Ar

E791 1999

CLEO 2002
Belle 2009
LHCDb 2012
Belle 2012

BaBar 2012

HFAG average

CHARM 2012

3

4 3 -2 -1 01 2 3 4 5
Yep (%)

0.732 +2.890 £ 1.030 %
3.420 £1.390 £ 0.740 %
-1.200 = 2.500 + 1.400 %
0.110 £ 0.610 = 0.520 %
0.550 £ 0.630 = 0.410 %
1.110 £ 0.220 £ 0.110 %

0.720 = 0.180 £ 0.124 %

0.866 £ 0.155 %

previous value
1.064 £0.209 %

LHCb 2012

Belle 2012

BaBar 2012

HFAG average

CHARM 2012
||
||

H

-12 -1 -08-0.6-04-02 0 0.2
Ap (%)

-0.590 = 0.590 + 0.210 %

-0.030 = 0.200 + 0.080 %

0.088 + 0.255 = 0.058 %

-0.022+ 0.161 %

previous value
0.026 +0.231 %

Including new BaBar and Belle results: significant improvement in the uncertainty
and lower value for ycp.



Sensitivity studies at SuperB for charm mixing
and CPV

Decav Mode BABAR SuperB - L-HCB Strategy Decay o(lgp/pol) X 10* o(¢ar)°
% +I;_ (D tag) HFAG (direct CPV allowed):
-tag):
2 ;
N (Events) 88 % 102 13.7 x 106 ] % 10° Global x~ fit <All modes> +18 +9
Q ¢ -3 ¢ -3 = -3
Ayf'p (btzlt,) | £3.9% 1073 0.28 x 1072 0.5 x 10 Asymmetrics a.:
KTK™ (no tag):
N (Events) 330 x 10°  51.4 x 10° - D <‘:3 moje“f> ii?
Aycp (stat) +23 %1072 0.19 x 1072 - yp S modes> : Ao 1
+ Yycp K™K +3.8 a, = — — =
K™~ (WS): , P 140 zt+2 1
N (Events) 51x10°  0.79x 106 0.23 x 10° Y, L '
T K +4.9 -
Ay’ (stat) +4.4 %1073 0.31 x 1072 0.87 x 1073 i P 154 -
Ax'? (stat) +3.0 x 107* 0.21 x 107* 0.64 x 10~* ! Kt +50 B
» Several sensitivity studies for charm  TDDP (CPV allowed):
. . . . -0 47 — )
mixing and search for CP violation. =~ Model-dependent = Kch'h =84 =3.3
! BES III DP model ~ K2h*h™ +3.7 +1.9
Relatively good shape. SuperB DP model  K°hth~ +92.7 +1.4
» Model independent Dalitz plot 3- SL Asymmetries asr:
‘ 75 ab™! at T(45) Xlvg +10
body analyses not studied yet. 500 o1 at G0 Ko 10
Approach suggested by Bondar et. 500 fb~! at $(3770)  Xtve TBD

al. Requires charm threshold
coherent data.



Rare decays
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Motlvatlon D. Pedrini at Charm 2012
* FCNC decay D°—u*w is highly suppressed in SM

(~10-18 from short-distance, increasing to ~10-13 when long-distance
processes are included, [Burdnam et al.,Phys.Rev.D66:014009,2002] )

£ ¢
Y
D° £ D° ¢
Y
t- a
short-distance long-distance

New Physics contributions can enhance the branching ratio by
several order of magnitudes.

5/16/12 CHARM 2012 35 MS DOmumu



O. Long at Charm 2012

Search for D° to I’ — Overview

Preliminary results based on 468 fb-! of BaBar data.
— Full dataset at or near the Upsilon(4S).

Combinatoric backgrounds also dominated by semileptonic B and charm
decays

— Suppressed with kinematic and vertex requirements

Signal yield estimated in a “Cut-and-count” approach.

Signal normalized relative to DY to w*r
— Several sources of systematic uncertainties eliminated.

Combinatoric background estimated from upper DY mass sideband

Peaking background from DY to " estimated from mis-ID probabilities
measured in data.
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Search for D° to Il — selected events

D’ eve
> et I T
Soras| * . :
E * . 1
- A 1
N . - I
0.146 o gy :.
/\/s.... ......... :
0134 Signal. \ Sideband
- box - )
0.142 - . 1 _
I
1.7 1.8 19 2
D’ mass, GeV
D’ e'e’
E aF -~ ' ]
e I ( :
8 — .
8 !
B 2b U . ]
S
ou [ 1 I s N [
1.7 1.8 19 2
D° mass, GeV

D’ e'e’

4 ' ' ‘>

Candidates / 0.33 MeV

il

0.142 0.144 0.146 0.148
Am, GeV

BaBar preliminary

Candidates / 17.5 MeV

Candidates / 0.33 MeV

_LII{

T )
1 | ]
0.148 . . [ )
5 | 1
:.0 | 1
o~ . |* 4
L N S S l
0-146 3 e - . .I 1 _‘: l
SRR i
Ll e N
01445, "y o !
LN » j
3 . I o 1
' ) |
0.142 I N
| ) i
1.7 18 19 2
D’ mass, GeV
D’ pw '
m - —
wH | | R
o r §
oLl T " i-ll (| m.
1.7 1.8 1.9 2
D’ mass, GeV
D% pw
s a1 ]
10} 1

il

L

0.142

0.144 0.146

0.148
A m, GeV
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D’ [ Ting
> Loess I o *1
Soaas |, i~
E 1
= oy, * :
0.146 | ._..’.....‘: .
. bl . |
F e % . IL J
0144 " . \
I
: Y. 1 ':
0.142 - I «
. I
1.7 18 1.9 2
D mass, GeV

Candidates / 15 MeV

Candidates / 0.27 MeV

1LY

i]lﬂ.’

k'

T:

0.142

0.144

0.146

0.148
Am, GeV

Am =m(D*") —m(D")

Scatter plot of
Am vs m(D°)

m(D°) projections
open —wide Am
shaded —signal Am

Am projections
open — wide m(D°)
shaded — signal m(D°)
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Search for D? to Il’ — Results

D° - ete” D’ = uu D° = e*ut
N2 (combinatoric background) ||  0.97 +0.39 +0.35 1.24 + 0.27 £ 0.25 1.00 + 0.25 + 0.20
NEE (peaking 7w~ background) || 0.037 £0.012 &+ 0.004 2.64+0.22+0.43 0.42 £+ 0.08 £ 0.02
Npg (total background) 1.01 £0.39 = 0.35 3.88 + 0.35 = 0.50 1.42 £+ 0.26 + 0.20

Nobs (events in signal box) 1 8 2
€ze (signal efficiency) 9.48% 6.29% 6.97%

B (signal branching fraction) (0.1 ¥9:7) x 1077 (3.3 723) x 1077 (0.5 753) x 1077

Be: 90% confidence interval <17x10°7 0.6,8.1] x 1077 <33x10°7

* Systematic uncertainties

— Multiplicative: about 5%, mostly from za/ll PID efficiency uncertainty.

All results are preliminary

— Additive, comb BG: sig/SB ratio from varying fit of background MC.
— Additive, &zt BG: data vs MC difference in mis-ID prob. and double-fake correlation factor.

* Branching fraction results

— Used Feldman-Cousins to determine 90% confidence interval. Systematics included.
— No statistically significant excess over expected background.

— Upward background fluctuation in wu mode (~5% probability or 1.6 “sigma”).
—  BF limits similar in sensitivity to Belle results®, though not better (lower).

— LHCb sensitivity* in g mode now at 10® level. No sign of signal.

®Belle publication: M. Petric et al., PRD 81, 091102(R) (2010).

*LHCb preliminary: W. Bonivento and F. Dettori et al., LHCb-CONF-2§§2-005.
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- @@= FCNC|
DY — ptp~ at LHCh

— T I
o i il
. . — > 100 —
Normalization: D*T — D°(— nFt77)nt 2 i LGB Prefim
. . . relimina
yield extracted with an unbinned 3 - i
. . . - 0 — -
extended two-dimensional fit in mass and = D° s> 7ntn™ |
Am ?, 50
Single event sensitivity : i
—10 : 1
a = (1.96 +0.23) - 10 ) T, -+
1850 1900 )
m(nr) (MeV/c?)
- Two-dimensional fit in M(up) and Am
- Signal: gaussian(M) X double gauss (Am) o L ]
Q . o s -
- DY & 7T x— mis-1D: Crystal Ball(M) x double % 200 DU — M+ﬂ LHCb Prellmlnary ]
gauss (Am) s i L=09fb1 ]
- DY 5 K~ =T tail mis-ID: gaussian(M) x ul\) 150 142 < Am < 149 -]
gaussian (Am) 2 3 ﬁ. ]
- Combinatorial background: expo(M) x f(Am) - :‘\ ]
Am 2 Am—Amg Am g 100 j‘- E
fam) = (S) - e (S-S e
50 - %, -
[LHCb-CONF-2012-005] AN N
0 = "\, P iied.l YO . . ) -
1800 1850 1900 )
0 +,,— -8 m(up) (MeV/ce)
B(D” — p"p)<1.3(1.1)-10 at 95 (90)%CL NIJSEF M
L
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——————————— vonc]
DY — 7

e SM short distance contribution at 3 x 10~ !

e Long distance contribution mainly due to Vector Meson Dominance, predicted

to be [Phys.Rev. D66 (2002) 014009)

VMD o 4.0 —8
BDO_"Y'Y ol '3")—2.6 . J.O

e However ¢ — u7y process can be enhanced up to 6-107°% (200 times the SM) level

in MSSM [ puys.Lett. B500 (2001) 304-312]

U

~ 0

%

NIE\iEF sl
40
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- FCNC|
DY — v~ at BABAR

/

— LI I T T ] L T I T T ] T I LR l L L | 1

22 R -

Y2 (/47 = 0.94

= 2000 =

; 2 1800 3

Fit procedure: © 1
R 1600
e Unbinned maximum likelihood fit to S 1400

: : =)

invariant mass — 1200}
DO ignal I ball and @100
® D" — vy signal: crystal ball anc ;é; 200
bifurcated gaussian > 600}

e Combinatorial background: 2% order 400 — Total .

. 200— - Background —1

Chebychev polynomial ~ - | :

YN S TN T W W N U U N W A N U N U Y T U W U N WO O O s |
0 0 0 Pes 17 175 1.8 185 19 195 2 205
o] T ITVSO ,

DY — 77" background Crystal Ball m(r°z%) (GeV/c?)

function

| L L L I |

1

Results:[BaBAr submitted to Physical Revew D ]

Measured a D? — 7%=z branching fraction:

Bpro_,.0.0=(84+0140.3)-10"4

ANEETE N

—— Total
Full background

For DY — ~~ found negative signal yield - - - Comb. backgrd

und

TTTTRT T T T T

Events / ( 0.01 GeV/c?)

N = —6 £ 15 events leading to an upper limit: ISk
E N~
Bpo_yyy <2.2-107°  at90%CL 10f _ _
which is constraints NP to at most 70 times 5; + T 4 f )i
the SM. 07 s T s s e e 2
m(yy) (GeV/e®) e
=

4|
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From BES IlI

Hajime Muramatsu 15

1 Fitto DATA
| ] 29fblatvs=3.773 Gev [~ 21 M D° produced]
“F "‘"l' 1* Gives: -2.917.1 events
S o Preliminar : c .
: o | y 1* No S|gn|ﬁcant S|gnals.
% N ' Contamination frc;m B(D®— yy) < 4.6x10° UL @ 90% CL.
@ 10 - [ i DO —> 7¢O50
i ::J'.!
L il BaBar:hep-ex:1110.6480
: % . "‘"N""';.i.i';', ' { } . ;; 35f -61+15 events
N S e . l ..' L3 g - 30 + _:
-400 -200 0 200 400 i E
AE MeV) 5“!

W.r.t. the BaBar’s result: . + \ ;
* BKGg,/BKGg g,,~ 0.5 of e .H _

Egesin/ Epagar 2 o l“ﬁ,{
¢ BUT: NBEs|||(DO)/NBaBar(DO) ~0.1 b " h - lr,;l(yy)l(-zz‘?ewc"’)2

42
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D From BES I I I Hajime Muramatsu 17

Prospects

* Should have improved results (i.e., systmatics) on B(D° — yy) soon
along with a measurement on B(D° — n°n°).

* Another possible method which takes real advantage of our

unique data set: R e I
]

— Our D% from Y(3770) are always - BLACK = ALL (SIG+BKG)
produced in pairs. — RED = Total BKG (=DDbar MC)
— - ‘N0 —» 0~
— Reconstruct one D° with known channels ) BLUE = MC:D"=> x’n®~ RED
while looking for D? — yy on the other. INPUT BR(D® — yy) = 2.2x10°¢
— This double-tag method might leave us only
the irreducible background from D° — n%n®

(i.e., no Bhabha, qqbar contaminations) SN
which we measure.

-100 -50 0 50 100
AE (MeV)

* Intend to look for other radiative decays of D*, DY, and D_* as well.
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Sensitivity studies at SuperB for rare decays

» Studies are ongoing using Fast Simulation for sensitivity studies
of:

DO— p*u, DO— p*u-y(which is the rate for this in the SM?), D%—>vy;,...
» It would be interesting to study also sensitivities for:
D*—=u*v, D" = u*V, T'V at w(3770) and yw(4170) respectively.

fp, Comparison
% s00— CLEO-— BaBar  Belle Preliminary CLEO-c similar achieved similar precision on f(Ds) to
E'd, ool B factories with about x500 less integrated luminosity.
240— ] _+_ +
220— +

» Study sensitivities for FCNC modes:
c —=ul*l



