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Charm

Formed summer 2006 to provide averages of charm results
Members from most recent charm experiments:

@ Milind Purohit (chair) (BaBar+E791)
@ Brian Petersen (BaBar)

@ Bostjan Golob (Belle)

@ Alan Schwartz (Belle)

@ Changzhen Yuan (BES)

@ Mark Mattson (CDF)

@ David Asner (CLEO-c)

@ Lawrence Gibbos (CLEO-¢)

@ Brendan Casey (DO)

@ Daniele Pedrini (Focus)

Ongoing efforts:

“*Average mixing results

“*Average CP violation in decay results
**Average absolute charm branching fractions
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Averaging Mlxmg

Have measurements of many dlfferent
mixing related parameters: Ycr, %>y, Rus, - ..

Combine results to extract best possible constraints
on fundamental mixing parameters: =.y,q/p,...

Combination approach:
**Obtain likelihood distributions for measurements
# Allows for non-Gaussian uncertainties
s Combine results by adding likelihood distributions
“*First combine measurements of same parameters
*Convert combined likelihoods into functions of the
fundamental mixing parameters and add together

For CP violating case, we currently do not have all likelihoods

— Instead use a simple y? combination
— Ignores the non-Gaussian errors
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KK/mm Lif Ratio sen’rs

Many measurements of ycp PPy 111

FPCP 2007

. 0.732 £ 2890 £ 1.030 %
Assume Gaussian

uncertainties and no e .| 3420413900740 %
correlation between |
experiments, e.g. we CLEO 2002 [} 1200+ 2.500 £ 1400 %
do not normalize to

the same the T

Com bined Result: Belle 2002 }-Q—o—}-{ -0.500 + 1.000 + 0.800 %
Yor = (1'12 - 0-32)% Belle 2007 H 1.310 + 0.320 £ 0.250 %

0.800 + 0.400 + 0.500 %

If no CPV: ycp=y

World average 1.122 +0.321 %
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Semileptonic decays | Epoiaood
measures 0.110%0% ¢
5132 4 y2
Ry =
2 CLEO 2005 |t | - ® -+ {1 0,160 X 0.29 0290 %
Belle 2005 H 0.020 = 0,047 +0.014 %
. BaBar 2007 - 0.004 * 000 %
Combined Result:
Ry = (1.7 + 3.9) x 1074
World average H 0.017 = 0.039 %
J_IIIIIIIIIIII]lIIIlIIIIIIIII|IIII|IIIIIIILL-
02-001 0 0.1 0.2 0.3 0.4 0.5
Ry, (%)
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More Measurements of R,

Have more precise s el

measurements of RM All semileptonic ‘—’l——‘ 0.017 +0.039 %
from hadronic D’ decays

Combine these with maBar2006 X | B 0.023 095 4 0004 5
semileptonic result

' . BaBar 3006 Ko™ . 0.019*202 +0.002 %

Use full likelihood for

Krnr° to account for

asymmetrlc errors CLEOc 2006 double-tag I - I 0170 £0.150 %
Combined Result:
RM — (2.1 1 1.1) X 10_4 World average H 0.021 +£0.011 %

00,08 01 0.15 0.2 025 03
Ry, (%)
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KsnDal itz Plot AnalySIS

Combme 2005 CLEO and 2007 Belle results for DO»KSm decays
(using Gaussian errors)
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Combined Result:
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- 0.28)%

Note:
Contours correspond

1-CL=0317 (o)

1-CL=2.70x10* (30)
1-CL=5.73x10" (50)

They are not
2Alog(L)=1,4,9....



Combining y,,, R, and Kszrr

Combine likelihood contours assuming CP conservation:
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Combined Result:

L = (0.92 T 0.34)%
y = (0.70+0.22)%




AveragmgS Kn Mixing Results

In WS K mixing nalyses fitted parameters are h1ghly correlated
We combine 3-dimensional likelihoods in (x”, ', R)
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FPCP 2007

Combined contour in (x?, y'):

Combined Result:

R
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-0.001
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= (-0.1+2.0) x10°*

(0.55%57) %
(0.33050,012) %



(x.y) from WS Kr Mixing

Transform likelihood from (x”,y’) into (x,y, 0k )

Without further input, this maps out
circles when projected over 6k -
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Note that in
this procedure
we ignore the
x"”<0 part of the
likelihood
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Combmmg all CP Conser'vmg ResulTs

Addmg K result does not change central values much,
but it further excludes solutions around (x,y)=(0,0)

~0.04 e ey
0.03 FPCP 2007 4  Combined Result:
unzg— - —: L — (0 87+O 30)%
001F , == % = — (066 +0.21 )%
= . s I
of- SN\ e —
awiE- e 4 This average include
N -2Alog(L)=37 at (0,0) 1 preliminary CLEO-c
-ﬂﬂE;— corresponds to 5.7c —-|  measurement of
003F- i oos O = 1.09 £ 0.66
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Oy Measurement

J 1 a | Uy T T T

Combination of measurements i -
also gives value for &

Combined Result:
Srcr = (0.337059 )rad

This is driven mainly by
the “matching” of y"and y

Without CLEO- on S,

— 16— T T T

Measurement of §,_from I SRR

CLEO-c lifts a degeneracy it
in solutions for 6, _

c constraint

Brian Petersen ' ' ' A
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Currently combmed usmg 2
minimization with 1
/ free parameters for By = g0 £
22 measurements

(we use the combined
v, and semileptonic R))

Relations used:

2yop = (la/pl+Ip/al)ycosé — (la/p|—|p/a|)zsing
24;, = (la/p|— Ip/al)ycos¢ — (la/p| + |p/a| )xsin

pome = & 9/P|go,.. = |a/p|

: : Yyo,. = Y Arg(g/P)go,r = @
Covariance matrices e =

from the measurements = _ (14" ot 4, — 14/PP—Ip/dP
: A, Eeegsyang M " Ja/pl2+ |p/al?

are used, but non-Gaussian

uncertainties are not ?

1T Ay, Y —sind cosé
taken into account 1
(Mainly affects K;n and Kx) 5 RD°'— K n7)+ RD"—K"n")| = Ry
R(D°>K+n) —-RD°»K-wh) _
R(D*—>K+n—)+ R(D°— K—=%) 5
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Allowing for CP violation:

(o fit)
r — (O 84-|—O 32)%
— (0.69 +0.21)%
|§' — (08879%)
o = (—0.09519)rad

Rp = (0.3354+0.011)%
Srcr = (0.381050 )rad
Ap = (—0.8+3.1)%

Brian Petersen

No CP violation:
(Likelihood fit)

r — (O 87—|—0 30)%
0.66 + 0.21)%

= (
= (0.330%07012) %
= (0.337555)rad

Little difference in non-CP
parameters and no hints of
CP violation
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Con‘rmbuﬁons x

x*=14.4 for 7 d.o.f. Observable f‘ )%

P(y?)=4.4%
fly CP ] = 1.83 1.83
flA Gamma | = 027 2.10
Slight disagreement 3 ] _ 001 511
between ycp and y fijfr ] _ 187 308
fla/pl ] = 0.00 3.98
flArg(g/p) ] =0.22 4.20
f[R_M(semilept)] = 0.09 4.29
flR_M(K+p-p0) ] = 085 5.14
f[R_M(K+p-p+p-)] = 0.66 5.80
Slight disagreement flR_M(psi_3770)] = 1.20 6.99
between BaBar and f[K+pi- BaBar+] = 2.21 9.20
Belle K7 results f[K+pi- BaBar-] = 147 10.67
f[K+pi- Belle+ ] = 252 13.19
Brian Petersen f[K+pi- Belle- | = 1.25 14.44



(x.y) Confidence Level Contours

Almost identical
to contours from
CP conserving
procedure

Small wiggles
are an
artifact of
the contour
calculation
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Confidence levels

CP Violation Parameters

for the CP violating —
parameters show 1 Frep 2007 —
evidence of N : 20
two solutions b
05/
This is found to
be due to ol-
degeneracy in J, ;
as CLEO-c results o
currently is not '
used in this average
A
: | | i
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Degenerate Solutions

0,<—1 rad 5, >0.6 rad

b<-10

Arg(g/p)
T
Arg(g/p)

0.51 0.5

-D.5[ -0.5 ;

-1 1
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la/p| la/p|

Disfavored by CLEO-c
Brian Petersen 18



We have combined most measurements in D’-D’ mixing
x and y appear to be 0.5-1.0% while there is no CP violation

No CPV allowed q) _ = (0. 88+8 %8)
-0.04 . :

HFAG-cham L O 32 : p 1+0.17
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U_UEE— y — (0.69 i 0.2 1 ) % _E 8 e i .ﬂ;ff;jvafue |
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““t 2Alog(L£)=37 at (0,0) = ‘
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-D.DEE— N al .

g b il van P el g ola v P el g gl 5550 0702040608 1 12141618 2 22
i -3 o4 -0.03 -0.02 -0.01 o 0.01 0.02 0.03 0.043 la/pl

http://www.slac.stanford.edu/xorg/hfag/charm/index.html
Brian Petersen 19



