Charm mixing at flavour factories

e K, Knr% Measure RS/WS ratio

x10° DKgfﬂ'-
as function of time, extract rotated 35 0Yer
. . 3 I Kn
mixing parameters. 3“ ] K
25 .. |IlAverage
° Kgﬁ+7r_: Measure average decay 200
time as function of Dalitz-plot posi- -

tion, get mixing parameters directly.

e AI': Measure ratios of lifetimes

of CP and flavour eigenstates, eg 5

<10

TKK/TKTl') tO eXtraCt yCP = eqUivalent _1_QI'6I L .-I5. L IDI L .g—‘.". I]||0H ILI|5| ”|2|0| leg;:l I:?.IBI Ly :?'5
to y in the absence of CP violation. X

@ cosd: Run at the DD threshold
energy and produce coherent pairs.

Measure the correlation between
their respective Dalitz plots to ex-
tract the strong phase.

e Current experiments have well es-
tablished the existence of mixing,
but are not sensitive to CP violation.
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Reminder of mixing formalism
e Mixing is a transition from a particle

to its antiparticle.

e It occurs when the flavour eigen- Short-distance
states (D°, D) produced in decays AR - e
are not the same as the mass eigen- d,3,b 4 1d,s,b
states (D, D3) which move through s
space.

e We parametrise mixing by the nor- . 4.5.5 )
malised mass and width differences ‘W_ P EW;
of the mass eigenstates: . X "

d,s,b
AM = mqy — mo .
AT =T, —T, Long-distance
' = (T1+7T2)/2 " Ve,
r = AM/F L 4 Kaﬂ-aX L — 0
y = AT/2T DO_I. ‘._D
= .
. ¢ . . . L
e Mixing is strongly suppressed in ¢ K.n1.X
o UEELPS
charmed mesons; the Standard U

Model predicts a very tiny (z,y <
1073) effect from calculable short-

distance effects.
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New Physics possibilities

e Long-distance effects are hard to cal-
culate, but from considerations of
phase-space SU(3) symmetry break-
ing we can get an upper bound of
y ~ 1%.

e Possible New Physics signatures:

— CP violation (eg (z,y)po F#
(,y) po)-

— Large mixing - =,y > 1%.

— ‘Upside down’ mixing, |x| > |y|.

e ‘Main’ measurement using D° —
K7 is not sensitive to the sign of x.
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e Intermediate state Kgp with well-
defined CP allows us to extract
strong phase at each point in the

e Variation in average decay time de- 1*
pends on mixing parameters - fit ex- s
tracts Dalitz-plot model and mixing

Dalitz plot.

DY — K¢hth™:

parameters simultaneously.

® Results from Belle and BABAR :

1 ol b b b b bvaa b IX10
0-505101520253035

X

Experiment | Sample x [%] y (%]
CLEO 9 fb~! 9+32j:04j:04 —1.44+2.44+0.8+0.4
Belle 2007 |540fb~! 0.80 & 0.29 + 0.17 0.33 4+ 0.24 + 0.15
BABAR 2010 | 469fb~'|0.16 &= 0.23 + 0.12 + 0.08 | 0.57 & 0.20 &+ 0.13 4+ 0.07
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DY — K. m'z,y’
e Unknown strong phase dx, between
mixed and DCS decays prevents us
measuring x,y directly:

' = xcos(dkr) — ysin(dkr)

y' = ycos(dkr) + xsin(dxx). “E

e WS amount as a function of time is
given by 10

Tws(t)ert o.¢ RD + y'\/ RD(Ft)
+0.25(x" + y'?)(T't)?

-3

and we fit for ’? and v’. g e e T
e Most recent results: X

Experiment | Sample x'? [%] y' [%]

Belle 2006 | 400 fb~" 0.0187 5053 0.06 "5

BABAR 2007 | 384fb™'| —0.022 4+ 0.030 + 0.021 | 0.97 4 0.44 4+ 0.31

CDF 2007 |1.5fb~* —0.012 4+ 0.35 0.85 + 0.76
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DY - KtTK— /D" — Kr: yop

e Look at ratio of decay rates be-
tween CP and flavour eigenstates, eg 07322 2590 5 1030 %
TKK / TKnr- ROCIS000 H_._H 3420 = 1.390 = 0.740 %
+ B _ q . - — 1 CLEO 2002 -1.200 = 2.500 = 1.400 %
Top = Tikr |1+ |—| (ycospy — xsin ¢y) _— 05002 1000 2 0300 %
p |
4 -1 TG H 1310 = 0320 = 0.250 %
_ b .
TCP = TKnx 1 —|— — (y COS ¢f + Z S1n ¢f) Belle 2009 H_,_,_{ 0.110 = 0.610 + 0.520 %
- q - 1.160 = 0.220 = 0.180 %
ZTKﬂ-
Ycr = —
Té,_P —|— TCP World average H 11070217 %
T
Yep (%)

e KK is a CP eigenstate - strong

phase is zero. 35

30
e In the absence of CP violation, ¢ = 25

0 and g = p, so ycp = y. 20
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Threshold production: cosd

e If we had a constraint in dx,, the
doughnut from D — K= analyses
could be reduced to a much smaller
part of (x,y) space.

e Running at the DD threshold allows
us to extract the strong phase by
looking at correlated decays.

e CLEO 2008, 281 pb1:
0.31
cos g, = 1.0370%7 + 0.06.

e Another possibility: Measure strong
phase in sections of the Kgmtm™
Dalitz plot, and do several Kmr-like
analyses. @ Reduce dependence on

amplitude model.
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~_ Current situation
e (x,y) seems to be in first quadrant,

less than 1% mixing overall, x < y.

3 Kt
Nothing very surprising. 35 [ Yce
30F Bl Kr
e CKM-like combination of many re- [ Knn®
25 Il Average

sults gives

r = (0.56 +0.21)%

y = (0.83 £0.13)%
k- = 1.53 +0.36 of
Sknno = —0.44 & 0.40 SE _, | )
R R e TR TR TR T R T
e Input values: X
Experiment Channel Result [%]
Belle 2007 Klnm (z,y) = (0.80 £ 0.34,0.33 £ 0.28)
BABAR 2010 K2hth~ (z,y) = (0.16 &= 0.28,0.57 & 0.24)
HFAG 2009 | KK,nn, KT K K" ycp = 1.10 + 0.21
Belle 2006 Kr (z?,y") = (0.018 £ 0.022, 0.60 =+ 0.40)
BABAR 2007 K (z'%,y’) = (—0.022 £ 0.036,0.97 £ 0.54)
CDF 2007 K (z’%,y’) = (—0.012 £ 0.035,0.85 £ 0.76)
BABAR 2008 Knr® (z”,y"”) = (2.61 & 0.73, —0.06 + 0.69)
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SuperB: 100 times the data!

e Statistical errors reduced by factor

O Kerct e
%107 S
10. 350 EYer
30F EKn
e Systematic errors assumed to scale 3 Eﬁg‘:ge
with statistics. 20F
. [ 15:_
e Note: SuperB resolution in D° de- > I
o . 1 0 :_ ,.:::::f::::. :::::'-'.":-'.'_-\
cay time is better than at BABAR - e B T——————
5F !
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SuperB with a year at threshold

%103 OKee'
e With 500 fb~! of threshold running, i D:’(cp
we could improve the CLEO dx, " %Kitn':t“
measurement quite a bit. ol Hll Average
e Current CLEO result (~ 1fb™1): ol
Sr = 0.87 4+ 0.58. -
SEmmm .‘ .................
e Scaling to 500 fb~! gives error of 6_
0.026. I R B R .‘.\}"\.I‘."'-|><10G
(] 2 4 6 8 10
e In this case the K mixing measure- X
ment begins to dominate.
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Outlook

e These are exciting times for charm mixing studies!

e The existence of mixing is now well established.

e Studies in more channels are on the way, but...

e ...the BABAR and Belle datasets are probably not sensitive to New Physics.
e We need more luminosity, especially to measure CP violation.

e U (3770) threshold running would be very interesting.
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