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» Introduction:

Charm Physics and searches for Physics beyond the Standard Model

» Recent results from the B factories:
BaBar

Search for CP violation in D*—=Ks™;

Search for T/CP violation in D)™ = KsK*r'mr;

Search for flavor-changing neutral current (FCNC) processes (in backup slides):
DO—vy;
c—ul*l transitions.

Belle
Evidence of CP violation in D*—=KsTT*;
Search for CP violation in D°—=Ksm?, Ksn, Ksn’;
Search for CP violation in D meson decays D" =11 ;

Search for CP violation in D meson decays D*—1"n0.

» Summary
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s Charm Physics and searches for Physics ¢

beyond the Standard Model

» Recent evidence of CP violation (CPV) in D° decays 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: (i backup slides)

however difficult to calculate SM long distance contributions.
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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.

Tree d ¢ Penguin u ¢ Tree s ¢ Penguin u

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*, 110, K K110, KK 1T 1T
Dyt = Ko1r¥, KT, Koo, Km0, K*n, Ky - D™= 2K'K
A= pTTH T, P2TTH2TT - NAF—pKK
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» 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*

Dokt _ D(DY = Kgn®) —T(D” — Kgn™) ;D+ F oo
o (Dt — K4nt) +T(D- — Kin—) Z
AC K’O Cabibbo Favored (CF) diagram
- (a5){ar) L Y ko
D+ W+ >~ (
d a

Doubly Cabibbo Suppressed (DCS) diagram
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Search for CP violation in D*—Ks "

(DT —

I'(D+ - Kdnt)+T'(D- — K1)

Direct CP asymmetry from Ks mixing: -0.332+0.006%

New Physics affecting doubly Cabibbo-suppressed
Feynman diagram could cancel or enhance it to % level

Phys.Rev.D 83:0711032011 469 fb-! [ New
Idea
Fit: Signal, reflection bkg and combinatorial bkg ) ) A
3 . New data-driven method to determine charge asymmetry
(807.4£0.1) x 10° signal events. in track reconstruction.
JO4F T T e e ! ' L D —
10 | | | | Use tracks from ¢*e~ — Y(4S)— BB process, free of any
2 physics-induced charge asymmetry.
§ cpl: M I L L E LA R 1039
= £ 08F g
- - 4
2 06F 102
& 04E- 101
02
104F U=n l
02
04F 039
5.10°L 0.6 0.98
] 08F
T g 07
8 184 186 18 19 192 Track Momentum (GeV/c)
mKsx) [GeVie] Ratio of detection efficiency: n'/n
_______________________________________________________________________________ S —
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= Search for CP violation in D*—KO %t

CP violation asymmetry FW-BW asymmetry due to y-Z interference
A(+] cos 0% |) + A(—| cos 0%|) and to detector efficiency asymmetry
0s 05, - :

2
4 + ',‘-0* — — .‘._9.
Arp(|cosfp]) = A(+[cosOp|) — A(—|cosbp)|)

Acp(|cosp|) =

E 0 | | T T ]

0.005 | < = ‘
001 + ‘ o

-0.02 - | o

ACP

“"ffiff"f‘*f*f‘"ffffffff 003 | ——
00055 ’ NN N 0.0:
004 | i
| | | 1 | | L !
0 02 04 06 08 1 0 02 04 06 08 1
lcosOp lcosOp|

Acp = (—0.44+£0.134+0.10) %  PhysRerD 83:0711032011 469 fb-!
Consistent with SM prediction (—0.332 =£ 0.006)%
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= Search for CP violation in D*—KO %t

Dt —K3n™ D™ —Kom~ DT KOt DT KOxt D+ CMS
rDe:_)Kg7r+ = Nrgi- KO+ — r;)c KO Arec ° — CP i + AFB(COSGD"' )
— Sﬂ' T — S'IT_ +
+ N, ™ /. lab lab
rec rec %—l— Ae (pT7r+ , COS Hﬂ,+ )
arXiv:1203.6400v1 977 fb-! 1738 K
0.05F l -
T -
< ofF T |[F—TT 4
[ ' T #—ﬁ o
0053_ P°[0.40, 0.67] GeVic +| [ pl0.67, 0.85] GeVic -
A A
0.05F
——

< Or_f__‘__‘—='_—_‘: :: Aok

-0.05

FIG. 2( A7 map)in bins of p2* \nd cos 6" of the 7+ ob-
tained with the D* — K77+ and\D" — K~ 77" samples
(triangles). The(AD ToKTatat maa is also shown (rectan-

rec
. - +
gles)for comparison, include Arp, AX | and AT
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Search for CP violation in D*—KO %t

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
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INF N’ Phys. Rev. Lett. 106, 211801 (2011) 79| fb"!

- :
Search for CPV in D°—K°%P° decays

Distributions of the mass difference M (D*) — M (D)

og . J m [
% 20000F L - <» 0.05} ow I
% 20000] _ : <
g | 326K | o 55 | S
N [ — < oL R e
S 000l DO - DO Ksn 0 —'—_,_—a——'——b— _ —a—+
= B [ -
o 0.05 L -0.05 [
! 0 0.5 1 0 05 ;
(l\P):(?(‘;nOn;)-l\(;i(T(“znO) (Ge\(/)}1cg) (I)\):(‘}‘(gnon's)-l\(;i(“lz“);’no) (Ge\(/)):;g) |00398M Sl |C0398'|\+A °l
o = F 4o
© : L 005} ouw
> sooo- 46K - j o i <C ol
2 F o o I e (N N = T N
S 200, d Ksn < ofp Ty ++ """""""
§ 10002— — . I
D . 0.05 L -0.05
eI e = 0 05 1 0 0.
&M(Kgl1n;)—%'(‘§gl1) (Ge\(/)):)g) 0.1|\2(K(s’nn;)—cl)\./;(4|?gn) (Ge\c/’)::g) |COSG§MSI |Coseg-|\+ﬂs|
— I S m L
% 2000} 27K = 0.05 D<ELL . “
= el o + ___
S : ok ++ """"" -
% 1000+ _— :
I-I>J -0.05 L -0.05+
S o lcasegt " lcosogr
( Belle (%) Source K27° (%) K2n (%) K2 (%) h
DU 5 K9 .0 T .
A — R g™ —0.2840.194+0.10 Ac¢ determination 0.08 0.08 0.08
% 0_, 70 ’ ’ ' Fitting 0.02 0.12 0.10
Al P_’ s 10.5440.514+0.16 cos M binning <0.01 0.01 0.03
DY KOy’ K/ K°-material effects 0.06 0.06 0.06
L Acp +0.98+£0.67%0.14 Total 0.10 0.16 0.14 )
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INQSearch for CP violation in SCS

C
+ + +
D*—>n'nl) and D*—>*¢ decays
D —a ¢, ¢ K'K-
D*—a'n, nrtan’ D™=, W2ty [, ,
éss— a) om"
%1500 %1500 = wf
% % 'é'- sk D+ DS+
3 3 £ 2F Cabibbo
31000 31000 £l Favoured
o [0 X sF
> >
w w = LE
500 500 $ EWMWM #MWUM” ‘WM *M»«hw\n "W*hq
Nlm\ lGe\/c
82 184 186 188 1.9 192 P82 184 186 188 19 192 o 4 237K 723K
M(rn) (GeV/cd) M(my) (GeV/cd) sp b)on

Res‘lduals x10° events per 1 MeV/c®
e

R
791 fb-!  Phys. Rev. Lett. 107, 221801 (2011) EEM"M M \M“w MMW WMMWWNM,
APT=™ = (4174 £ 113 £ 0.19)% o
Dyt 955 fb!  arxiv:1110.0694v2

assuming no CPV in CF Ds* "¢
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at the B factories

D9 modes: direct + indirect CPV

INFN Time-integrated CPV measurements

D)™ modes: direct CPV

Belle(2005) D° — K*n'n®
Belle(2005) D° — K*wntr
BaBar(2008) ] D° — n*w
BaBar(2008) . D? - K*'K
Belle(2008) i D° — n*
Belle(2008) ] D° - K'K
Belle(2008) D° — wtan®
BaBar(2008) ] D° — a*nan?
BaBar(2008) D° - K*K'n®
Belle(2011) | D° — K
Belle(2011) D® — KZn
Belle(2011) . D° — Kn®
oo I R N IR
-6 -4 -2 0 2 4

Acp (x 10?)

BaBar(2005) D* — K'K 't
Belle(2010) ] D; — K2K*
BaBar(2011) - D* — Kl
Belle(2011) D* — n'n
Belle(2011) D* — 'y’
Belle(2012) D* — n*¢
Belle(2012) . D* — K
oo ol
-4 -2 0 4 6
Agp (x 10?)

At the B factories was found evidence of CP violation in D* —Ks°m* decays.
Systematic errors kept under control below the 103 level.
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[f'? Search for CPV using T-odd
correlations in D)™ —>K'Kst'w decays

. . W. Bensalem, A. Datta and D. London, Phys. Rev. D66, 094004 (2002)
LI. Bigi hep-ph/0107102 (2001) W. Bensalem and D. London, Phys. Rev. D64, 1 16003 (2001)

W. Bensalem,A. Datta and D. London, Phys. Lett. B538, 309 (2002)

* It is a measurement of T violation and of CP violation assuming CPT is
conserved.

* T-odd observable: C1 = P+ * (Pt X Pr—)
( (),CT>O) ( (),CT<O)

/A

Cr>0)+T(D!,,Cr <0
measured on DV ( (s)’ T ) ( (s)’ T ) Ds)* rest frame
e  Final state interaction (FSI) could introduce fake
T-odd asymmetries Ar#0.
e T-violating observable, removes FSI effects:
measured on D~
AT — —(AT — AT)
Pn
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D*>K*'Ksmt't and D" =K Kst"r events

DT Fit projections in signal region DS+ 520 fb-!

= 7; ; = *3; ; = +~’; ; = +3;. - -;
£ ER : 2 & F 38 Ol “  Phys. Rev. D 84, 031103 (RC) (2011)
N% 20t D* (C,>0) "% o D' (C,<0) | "%’1200’ D} (C,>0) F e (C o :
2 700- £ . 2 700- = £ 210007 s I I D " N
- 600 E - 600 E - .
- E E - E E - - [ ]
o S o§m 3 s CIUSIVE Dt
A  Sao 5 | reconstruction;
w 2008 E W 200E® (T A o b : W ’

100F i 100F i 1 fre ] * .

e isd 186 88 T 192 0785784 186 188 19 0505 104 106 198 2 2m ot : ¢ P (D)> 2.5 GEV/C,

m(KKerr) (GeV/c) (K KS) (GeV/c) m(K'Kr*x) (GeV/cd) i52 lni‘(‘K‘,;’gn ‘n")g(Gev,c%)m d idebands f

E 7 E = [T a—— 3 _ af 3 ®* use data sidebands tor
E = E E +°§ 2 E éi SIS § gi é ) ]
T rr s BES e B o B bkg parameterization;
S g00- ] E 800F E s ] S ] .
2 0 L S L e ) - |+ 20,000 D* Cabibbo
v 600F E - 6005 E [ ]
< 500 E < 5008 E : [ 1
T ER - suppressed and 30,000
g 300 g 300 + .
e ks Ds* Cabibbo favored

O 8y g4 186 188 19 192 N RNV T ey E \ \ L r ] .

S Govich 821 nsl?K}éEm;t ?)8(Gle 3”012)92 EET) lhzz(tKgéﬁmlng)s(G §V/c22)()2 R N TR K T KT T \_ deca)'S, Y,

m(K*Kgr*r) (GeV/c?)

! x 103
Systematic errors  Zomm o7 Anb) (DD D) Ae(D;)

1) Reconstruction 2.05 2.84 1.26 1.00 1.00 1.27

2) Likelihood Ratio 1.08 3.41 5.58 2.46 T.77 8.16

3) Fit Model 1.30 1.14 1.46 0.10 0.78 0.70

4) Particle Identification 3.70 3.33 4.08 2.22 2.47 6.73

Total \_ 4.56 / 5.66 7.18 \_ 343 J 8.25 10.67
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Final results

Phys. Rev. D 84, 031103 (RC) (2011) 520 fb"!

Ap(DF) = (+11.2 4 14 Igat £ 5.75yst) X 107°
Ap(D7) = (4+35.1 4 143451 & 7-2y5¢) X 107°
Ap(DF) = (—99.2 + 10. 75t £ 8.3gyst) X 1077
Ap(D7) = (=72.1 £10.9g¢ 4t £ 10.7gyst) x 1073

(Ar(DT) = (—12.0 £ 10.0g45¢ & 4.64y5¢) x 107
Ar(DF) = (—13.6 4+ T.7gta1 + 3.4gygt) x 107

seem to be larger in Ds* than

> Final state interaction effects
D* decays

\ J

FOCUS(2005) D" — K'Ki.‘rj‘

T violation parameter [EBaeom — b KK |
consistent to 0. S S,
Factor |10 better than _, | | T
FOCUS(2005) D —= K'Kgrn

previous result. [Eaem — =R

15 10 s 0 5 10 15

A% (x 10D
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Conclusions
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Recent evidence of CPV in Charm decays has renewed the interest for
searching for new physics in the Charm sector.

The B factories are contributing in the understanding and possibly
constraining the SM effects by measuring CPV observables and studying
also decay modes that are not easily accessible at the LHC.

An overview of the has been presented covering

Evidence of CPV in D*—Ksmi* was found at the B factories (3.20 Belle,
2.90 BaBar).

Present results are in agreement with Standard Model expectations within
the uncertainties.
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BABAR.

Physics motivations for studying DY—vyy decay

* FCNC Decay Short Distance
* Forbidden at the tree-level

v ) g
* 1-loop GIM suppressed % §
C u c u

* Dominated by long distance effects [1] 0 , ! 0
* Short-range (2-loop dominate): I/R‘ ‘/f\' *35?,#\‘/*\,‘ ,/+\¢>_9$f
B(D%-> yy ) = 3 X 1011 Where 8 Yo, AW,
* Long-range (VMD contribution - § 8
d . ) ‘/“\I /‘\
ominates): st ) o

B(D%>yy )= 3.5X10%

* However, possible 102 enhancement from Long Distance

new physics (gluino-exchange of MSSM) [2] v
* Within the range of BaBar sensitivity. Vo NJ\’V

* Excellent (but difficult) mode to search for e

new physics DO > g

[1] Burdman et al. hep-ph/0112235v2 1 Mar 2002
| [2] S. Prelovsek and D. Wyler, hep-ph/0012116v1 11 Dec 2000
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aﬁ Search for DO%YY and arXiv:1110.6480v1  470.5 fb-!
BR measurement of the D°—a®r® decay

Events / ( 0.01 GeV/c?)
[})
(e

15j\
10—

: T T T T T T T T T T T T T T T T T T T T | T T T T
35 ¥27 = 1532
30
BaBar
2 preliminary

- s

l | L1 1 | 1 1 1 1 | 1 L 1

L1 1 1 ‘ | 1 1 1 | L1 1 1
?.7 1.75 1.8 1.85 1.9 1.95 2

m(yy) (GeV/c?)

Use D9 KO%T1%as BR normalizing mode

Systematic

o(D° — vy) o(D° — 7°x")
(%) (%)

Tracking (K2) and Vertexing
Photon Reconstruction
7¥ Veto
D** Fragmentation

0.96 0.96

Signal Shape
Background Shape
Cut selection

D" — KJx" Signal Shape
D° — K%7° Background Shape
DY — K97° Cut selection

Total Systematic Uncertainty

247 =0.943

BaBar -
preliminary

lIIIIIIlIII|III|IIIIIIIIIII
/

111 1 l 111 1 l 11 1 1 I 111 1 I 111 1 I 111 1 I 11 1 1 I 111 1
10.65 1.7 175 18 18 19 195 2 205
m(n°r0) (GeV/c?)

B(D" = 7%7%) = (8.44+0.1+04+0.3) x 107*

comparable precision with CLEO measurement

( )

1.80 - —
0.03 B(DO — "}”Y) < 2.4 x 10 6

* 0.20 ]

' 080 at the 90% confidence level.
0.53 0.17 * About factor of 10 improvement on previous CLEO
8:% 8:32 ¢ measurement y

* 1.23
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Search for Flavor-Changing Neutral-Current (FCNC) decays
FCNC decays only occur i{n loop diagrams in SM:

[ '
/ v/ Z° '
-t
" § U'g
c > - > ¢ . - -

W
Charm decays heavily GIM suppressed in SM: BF(c—ull)~-103
New physics can introduce new particles into loop

C,a%~ i Some models increase
) ‘\’yrg.z BF(c—ull) to 10°=10"
c 1+ 8 , Also look for exotic decays

violating lepton flavor
and/or lepton number
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Standard Model predictions for signal and bkg

 While FCNC predicted to be low in SM, do have

contribution from leptonic decays of intermediate
resonances in D —h'V, V—I'T

D'->n" e' e

PRD 66, 014009 (2002)
G. Burdman, E. Golowich,

D> v W

I L ~ J. L. Hewett, and S. Pakvasa, —— — T
Tt SMywith LD effects; £ o* |- y ? RPV SUSY -
© SM+SUSY 5 pre _
— /() C
o w 4 T =
= | ®
' |
SM, short distance SM with LD effects !
101 = only . 10710 I
' e ey 1 Y P Y VRN I (S (R | |
0.0 0.5 1.0 1.5 0.5 1.0 15
m(e*e) (GeV/c?) m(u*u) (GeV/c?)
At current sensitivity, only ¢ resonance contributes
Can be removed by cut on /' invariant mass
24 Nicola Neri - Recent Charm Results from the B factories |1 April 2012
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e Before unblinding, checked

procedure using ¢ resonance

* Reverse /'l mass cut:
0.995<m(e’e)<1.030 GeV/c’
1.005<m(x u)<1.030 GeV/c!

Entries per 10 MeV/c?

 Significant signal seen in ;a Di->Tu W
3 of 4 modes 2%
* Yield is about as expected  i=
w 10¢

 1.50 low in Dy—mo, d—e'e

5

2 1.8 19 2 5 1.8 1.9 2 9

384 fb~! Phys. Rev. D 84, 07200 (2011) M(ze'e) [GeV/e] M u) [Gevie']
Decay mode Yield (events) Efficiency (%) Expected vield (events)
DY Satg.,- 20858+ 1.5 5.65 222+ 1.1
DY o nhd, - - 7534414 1.11 45404
DI —7%0.+.- 62.8 £ 9.9 £+ 3.0 6.16 T9+3
DI —ato,- .- 12.7 £ 4.3 £2.6 1.07 13.1 + 1.2

25 Nicola Neri - Recent Charm Results from the B factories
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L/ ° ° ° °
with previous limits

 Most channels improve upon previous limits

 Many modes by more than order of magnitude
* Dimuon modes have the worst limits (lowest efficiency)

BF UL BF UL

(10°°) (107%)
Decay mode 90% CL Decay mode 90% CL
D' = i e "r L1 59 CLEO-c Dt - r=etet 1.9 11 CLEO-c
D. — A f)-;’) 39 DO DY = mputut 20 48 FOCUS
D" = rtetp 2.9 34 E791 DY = r—utet 20 50 E791
D" ”z”: e 3.6 34  E791 DY = retet 11 18 CLEO-c
DS —m reve 13 22  CLEO-c DY = mutpt 11 29  FOCUS
f),._ — 7t 43 26 FOCUS DY - utet 84 730 E791
DS = rtelp 12 610 E791 D' K oete! 09 35 CLEO-c
DT — mtpte” 20 610 E791 DY = Kttt 10 13  FOCUS
D" — A_J'r( *+ ) 1.0 3.0 CLEO-c DY - K ptet 1.9 130 E687
f)' — f\_ } /l* Iz 4.3 9.2 FOCUS D 5 K etet 5.2 17 CLEO-c
D — I\_ e 1.2 68 E791 DY - K—p*tp* 13 13 FOCUS
D™ = K i,/:« - 2.8 68  E791 Df 5 K ptet 6.1 680 E791
DT = Ktete™ 3.7 52  CLEO-c AF o petet 2.7
DT — 1\:+/’+/~'_ 21 36 FOCUS ,lcl — Pyt t 17 t 9.4 New
I){ — l\:f :,,: |:l 630 E791 AF S putet 16 results
DT — K7 9.7 630 E791
A = pete 5.5 340 E653
AT =S puTu~ 44
i+ IZI*‘ /,I' 9.9 New -1
5 pe 1 o Phys. Rev. D 84, 07200 (2011) 384 fb
A = *  results

2% Nicola Neri - Recent Charm Results from the B factories |1 April 2012



The BaBar experiment

PEP-Il is an asymmetric-energy B factory
at SLAC running mostly at the Y (4S)

(10.58 GeV) with a center-of-mass boost
with By=0.55

SLAC/LBL/LLNL B FACTORY

S~
High Energy Ring
(upgrade of existing ring)

The BaBar Detector

1.5 T solenoid

. Calorimeter
(superconducting) 6580 Csl(Tl) crystals

Dotector " e LCe

144 quartz barg

11,000 PMTs

Silicon Vertex
Tracker

5 double-sided
layers

Drift Chamber
40 layers

Instrumented Flux Return
18-19 layers

SVT: 97% efficiency, 15 um z hit resolution (inner layers, perp. tracks)
SVT+DCH:o(p;)/p;:=0.13 % X p; + 0.45 %, 0(z0)=65 uym@ 1GeV/c

SLAC Site DIRC: K-n separation4.2c @ 3.0 GeV/ic > 250 @ 4.0 GeV/c
EMC: of/E=23%-E"™®19%
27 Nicola Neri - Recent Charm Results from the B factories
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Integrated Luminosity [fb™]

‘BaBar‘ - ‘14fb4‘30fb4‘433fb4‘ - \

o (e'e” = Hadrons)(nb)

h
20 :' II 7
t 5
5F 4 ;
P

10 F H \ P" 5
Loy r
sL 1 Mt R ; Y i
+ tav o Losimey 0-.5‘.0“4“'"“-."4\1_4 _» ]

. T|(IS) . TI(ZS) 'T(SS) . T(fllS)
044 946 10.00 10.02 10.34 10.37 10.54 10.5%8 10.62

Mass (GeV/c)

Offpeak (10.54GeV) + Scan

ab

ove Y(

) BaBar
— un -
500}— PEP Il Delivered LUMINOSity: 553.48/f  «++wwwwesssereeessssimsssissieniiiissiieniiss
- BaBar Recorded Luminosity: 531.43/fb -
- BaBar Recorded Y(4s): 432.89/fb _
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