Charm mixing - an update

Lei Wang
UC, Santa Cruz

Representing the

4/29/2008 PHENO 2008



Outline

Charm mixing forma
BaBar detector & Be
Recent experimenta

Summary

Ism
le detector

results



Neutral meson mixing

o .
Neutral D mesons (D° andD ) are produced as flavor eigenstates, they can
mix through weak interaction

0%

Time evolution is governed by the Schrodinger equation:
6 DDO(t)>D DM—ir—D « %Do(t)>g Man.dFare 2x2 Hermitian
“or H D° (t)> H 2 HWeak H D° (;)>H matrices

Mass eigenstates: ‘D1,2> _ p‘D0>i q‘50>’| 4| pP 1

Propagate as following:
_ o i(my il 5/ 2)0 _
‘Dl’z (t)> - e b2 b2 Dl,z (t - O)>

- r,-r r,+r
Mixing parameters: x = T , L 2 =1 2
a 20 2
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Why charm mixing is interesting

It completes the quark mixing picture already seen in the K, BB, systems

It provides information about processes with down-type quarks (d,s,b) in the
mixing box diagram C o b

) il = |||I"
) ' ‘IJHI[
il i

b g, d . W

It provides a strong constraint on new physics
E.Golowich, J.Hewett, S.Pakvasa, A.Petrov PRD 76, 095009(2007)

Standard model d-type box contribution(short-distance) is very small
*CKM suppression

-6 -5
x~O00107")-000 ") *GIM suppression
Hadronic intermediate states(long distance contribution) hard to predict precisely:
Iy
PamiN Recent calculation: |x|<0.01, |y|<0.01
D “"‘i\ D PRD 65, 054034(2002) (Falk, Grossman, Ligeti &Petrov)
“j\'.’ PRD 69, 114021(2004) (Falk, Grossman, Ligeti &Petrov)

New Physics signature:
X>>y
CP violation is observed
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BaBar & Belle
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The BaBar Dhebectos
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Dirift Chamber
40 layers

Imsoranisin bid Flux Retarn
13-1% bavers

524.2/fb as of 03/19/2008 783.8/fb as of 03/20/2008

Operating energy mostly at Js ~10.6 GeV
(...plus data at Y(3S), Y(2S), not discussed here)

g(e'e - cg)~1.3nb — ~1700M cc events
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Experimental results of charm mixing

* Mixing analyses presented here
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Time dependent wrong sign hadronic decay D°—>K*m-

Look for wrong sign decays,e.g:. D - D°m*,D° o K'm~
Two main contributions to wrong sign decays: DCS
Doubly-Cabibbo-Supressed(DCS) Decay

Mixing then Cabibbo-Favored(CF) decay

Distinguish between them by their time dependence %\; y

12 + 12

Mys (D)= e (Ry + R,y T 14 = 4y (rr>>

Assuming|x|<<1,|y|<<1 and no CPV DCS

[ J VV [ J

-
int erference V

mixing

V_

= XCOS0 ., t ysind ., ,V'= - xsind ., + yCOSO .,
O, 1s the relative strong phase between DCS and CF amplitudes

Fitting procedure:
Fit 2D m(Km), Am distribution to separate signal and backgrounds

Fit to RS proper time distribution to determine proper time signal resolution
function

> Fit to WS proper time distribution to determine x> and y’

Vv *®
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D> K*r

ERR
ko
=
= 0.
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M(Kr) (GeVic?)
plot signal region:
1.843<m<1.883 GeV/c?
0.1445<Am< 0.1465 GeV/c?

With mixing:

R, =(3.03t0.16% 0.10)x10°
x?=(-0.22+0.30+ 0.21)x10°°
y'=(9.7+ 4.4+ 3.1)x107°

No CP violation found fitting
separately D° and p’
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Residuals

BaBar
PRL 98:211802(2007)
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D= K*7r

Belle CDF
% .PBL.96:. 1.5.180.1(.2(.)06). | 384 fb! _ arXiv:0712.1567
SRR g 1.5 fb
L —  na CPV (siat. only] :‘:—- 20
10} e .
[ 10~
0 ] B
‘:‘-h i 0:_
-10 | e . C
L | NO-MIXING _10F
a0l excludedat2o '
) B 13
0 0.2 0.4 0.6 0.8 X2 (109
x'2 %107 3 7 3 72 3 P
: - — Fit type Rp(10™°) 3 (107°) 2™ (107°) x° / d.otf.
Fitease  Purmaneter TH S) (oqgoay e Unconstrained 3.04 £ 0.55 8.5 £ 7.6 —0.12 £ 0.35 10.2 / 17
No CPV Ro  3.64 £ 0.17 (3.3, 4.0) Physically
27 018102 <072 allowed 3.22 £ 0.23 6.0 + 1.4 0 19.3 / 18
Y 06550 (=9.9,6.8) No mixing 415 £ 0.10 0 0 36.8 /19
Ry - (0.63 x 107", 0.40)
CPV Ap 23 +47 (=76, 107)
Anr 670 41200 (=995, 1000)
x'? - < 0.72 . . .
% - (=28, 21) Evidence of mixing at 3.8c
R . < 0.40

No mixing Rp 3.77 4+ 0.08(stat.) + 0.05(syst.)
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VY

Time dependent Dalitz plot analysis p° . K'np 1"

Similar story as Kz, except the time dependence is a function of position in the Dalitz plot

o (mympyt)= @ (| A P+ | A7 [ A7 | [y cosd ;- x"sind](T 1)+

1 — _ :
y'=ycoso, ,—xsind, ,

" —

x''= xcos5KmT0 + y51n5KmT0

BABAR *

preliminary

® F
e 3}

25

2
Mic g

x'"=(2.391 0.61(stat.) t 0.32(syst.))%
"= (-0.141 0.60(stat.)t 0.40(syst.))%

12 12

R :51—52—-:(29111gx104

mix
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002 384 fb!
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004 oM
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-l L 1 I 1 L 1 I 1 L 1 1 1 1
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No mixing is excluded at 99%
confidence level
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Events/100fs

Time dependent Dalitz plot analysis

Time-dependent Dalitz plot analysis

Determine relative phases from Dalitz plot,

direct measure of xand y

Unbinned likelihood fit to Dalitz-plot variables and the

decay time t

10°F .
107k
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012 | 4 (b}
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Proper time (fs)
Belle
PRL 99:131803(2007)
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Assuming no CPV:

x=(0.80% 0.2910%:01¢
y = (0.33+ 0.24" 008 000

%
%

No mixing excluded at 2.2¢

No evidence for CP violation
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Charm mixing using lifetime ratio

* Measure the lifetime difference between the CP even and CP

odd states
i Mixture of CP odd and CP even states
r(D° - Kn')*
- 0 - 7.4 - IDh = K,]T
r(D" - hh) < CP even states

Yep

_ 1 : _ 2
Yep = Y COSQ - 5 wXsSin@, 4, =[q/ p|” -1 ¢isaweak phase

If CP conserved, A,,=0=0, y.,=Y
* Also search for CPV by measuring:

—0
1D - KK)-1(D’- K'K) o’ gkt
- AT = - r(D'/D - K1) 4

AI’ —0
T(D —»KK)+T(DO—> KK) (Z.(DO_)K+K-)+T(BO_>K+K‘))/2
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Belle
Use a charged D* tag 116 ._PRL98: 211803(2007) - | 540 fb*
Z
BaBar z. b (d
preliminary -,E o
arXiv:0712.2249 = 384 fb™ 004t
Tkn HH 7 fmmm == == - Jr - - =
N —o0a3f - drf_ Bl
TKK —— [ _¢L I e
Tor 012 fF
KK F— _
Trn 1 0.11F
T;m A | | ]
. . | o M 2000 4000
400 405 410, t (fs)
Sample yop AY Sample yer Ar
K KT (1.60 £ 0.46 + 0.17)% (—0.40 4+ 0.44 4+ 0.12)% KFKT (12530391 028)%  (0.15+£ 034 £ 0.16)%
7wt (0.46 +£0.654 0.25)% ( 0.05 4 0.64 + 0.32)% m o (144 +057 £042)% (-0.28 £ 0.52 + 0.30)%
Combined (1.24 +0.39 4 0.13)% (—0.26 & 0.36 & 0.08)% Combined (1.31 +0.32 £ 025)%  (0.01 +0.30 £ 0.15)%
L v\
3.06 evidence for mixing 3.26 evidence for mixing

Combining results with BaBar PRL 91,
121801(2003) with 91 fb* (untagged D°

sample, statistically independent , ) .
P Y P ) No evidence for CP violation

Y=(1.03£0.33 +0.19) %
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Semi-leptonic decays D" - K"l

®Events / MeV/c" -

* Look for WS decay, no DCS contribution
* Missing neutrino makes D° reconstruction harder x>+’
v, = ————
Double tagging Single tagging
BaBar Belle
-~ I I'T T T T T T T T 1 T T T 1T -1 arXiV:0802-2952 1
% T bRD 76: 014018(2007)1 | 244 fb - - 492 fb
= B i [ WS, electron mode J[ J[ 2001 “S%Ir;luon mod
- r I SVD-2 1 r -2
i'g l.Si 2 3 ] 15'3_— 1s50[
£ D’ 4 KOy ook T
E 1- ey : % Nu_ljl:ll:l_—
0.5} - Sl 16<t <20 |- [ 16<t_ <20
] ] % D: yd.o.f. = 34.6/40 55 D: yHid.o.f. = 43.3/40
I i BN | T A I A | P . F - - T 1|: =k T d T .
00.15 0.2 0.25 A\;]{.(3} v/l]z.]})S o ﬂh‘[m\ o CI/( J.I‘»-I[L‘Ee‘-.—"?cz] i
Predict 2.85 background events, observed 3 Fitted signal yield
No evidence for mixing No evidence for mixing
90% CL forr_.:(-13,12)X10* 90% CL for r__ :<6.1X10*
World average r_. =(1.7+3.9)X10*
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Heavy Flavor Averaging Group combined results

arXiv:0803.0082
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= _ Beijing 2007 CPV allowed
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/ X (%)
No mixing point excluded at 6.7¢
Xae = (0.977937)x 107
Vs = (0.78'015)x 1072
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No-CPV point is still allowed at 16

|q/p |avg: 086t811§
arg(q/ p)o, = 0.17 5 orad
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Summary

* Evidence for charm mixing

v Combined world average is inconsistent with no mixing at
6.70

v' Observed rate for x or y =1%, consistent with standard
model expectations, although at the upper end of the
range

* No evidence for CPV in charm mixing yet
* Relatively large mixing signal gives promise for
finding CP violation

v Many CPV predictions involve multiplicative factors of x
andy
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