Recent CLEO-c Results on
D and D; Mesons

Run: 202742 1630804-076
Event: 98595

Anders Ryd
Cornell University

LBNL, Oct. 3, 2006

Outline:
»The CLEO-c program
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sHadronic D and D decays
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»Semileptonic D decays

Kex~mtnt Tag
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Physics Motivation

*The CLEO-c program 15

iImpacts many of the
CKM parameters 1
e |n particular, leptonic
D and Ds decays allow
measurements of the 0.5
decay constants
»This will help the
determination of V,y & 0
@ Semileptonic D decays
will check form factor

calculations and 0
improve Vp

*Hadronic D decays are -1
important for
normalization of B
decays -1.5
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Testing Theories of Strong
Intervactions

eMeasure form factors in D—nlv and validate theoretical calculations
oCan then use this to extract |V | from B—xlv

eB mixing is well measured
Am =(0.50210.007)x10"'2 5

» But |V,4| from Am, has large
uncertainties from fg
oCLEO-c can measure fj

Am,= G?:M s MV, Vil nSy(x,) [3By
€+
V
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CESR-c

Positrons

Horizontal Separators

°CESR was upgraded with wiggler cloctron Injection Polnt <} .
magnets to increase damping at Y Fokimon; isction; Boke: {5
lower energies SR

sThese super conducting magnets
have worked very well

sHowever, the currents that can be
stored are lower than planed

sLuminosity about Va4 of design
sCompensating solenoids were
installed last winter
eThe compensations with the
skew quads used at 5GeV does
not work well at lower energy

0140902-003
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CLEO-c Experiment

2230104-002

CLEO-c

. __%olenold Coil garrel
Z Calorimeter

< Ring Imaging Cherenkov
: Detector
Drift
_ Chamber
e Inner Drift ¢

SC Quadrupole
Pylon

. Endcap

SC " Calorimeter

““ad’”’:"*: A *New inner drift chamber
are ea . . .
Quadrupole Iron *Tracking in 1.0 T field
Polepiece
*0p/p=0.6% at 1 GeV
Sarteran +Excellent E-M calorimeter

Chambers

+0p/E=2% at 1 GeV
+Hadron PID from RICH
*Very good below 1 GeV
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CLEO-c Data Samples and
Plans

*With a better understanding of the performance of
CESR-c and looking at the physics case we are now

looking at a somewhat modified run plan Recorded:
»~750 pb! at w(3770) 281 pb-1
»~750 pb-1 at D.D, threshold 330 pb-1

s~5% of running time at y(2S), 30M events 2/M events
sSolid motivation for J/w running was hard to find. The
f(2220) no longer there. Studying this was an important
goal for the J/w program
s\We have done a scan in the D threshold region to

understand where to run and measure the cross-section
sWill continue running until March 31, 2008
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Physics at the y(3770)

T K*

Tag D - fully reconstructed

D T
e’ ,@4 e

* At threshold produce only D™D and DODO
»No additional pions.

»By reconstructing one D meson we know that we had
another D produced with opposite momentum in the
y(3770) frame.

»This tag technique is used in many CLEO-c analysis
and was pioneered by MARK III.
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Quantum Correlations

PRD 73 034024 (2006)

The two DO mesons are correlated: C=-1 Asner and Sun
f |+ CP + CP - X=A_m
) I
f_ Ry (1+12(2-2%)) Correction to BR AT
14 12(2- 72 as compared to V=57
f ez iIncoherent decay 2T
- 1 1 R,=(xX+y")/2
CP + 1+rz 1 0 s (DK m)
re =
CP - 1-rz 1 2 0 (D°|K "t
X 1+rzy 1 1-y 1+y Z=2C0S ¢

@ For CP vs CP eigenstates the correlation is a large effect
®F.g the decay DO—KgTlO where the other D decays generically (single tag)

N(D’ - KSOTTO) =2NDOH)B(DO—>K807TO)(1 +y) Y Allow us to measure
@ Where the other D is a flavor tag D—f phase Of, in 280 pb-l
N(D’-KJn’)=N_,B(D’-K{n")(1-2r,coss ) 0., =+0.64
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CLEO-c D-tag Reconstruction

1630605-005

12000_""_"""'""""""'_4000 PR @ From D—uv analysis

] 2281 pb-1
@Six tag modes used
@~160,000 reconstructed D+
@ ~300,000 reconstructed D0
o Cut on Ep-Epeam

Ken~n—nt 18176 &+ 255 8976

- Mode Signal Background
. Ktn—n— 77387 + 281 1868
B Kto—n—x® 24850 4+ 214 12825
e Kgn™ 11162 + 136 514

Kgn—n0 20244 + 170 5223

1200
i KTK 7~ 6535 £ 95 1271
| so0f Sum 158354 + 496 30677
1 400

O-u..I....I...-.-TT-.... : 0 ] >

184 186 1.88 184 186 1.88 MBC:\/Elz)eam_|p<D)|

Mg (GeV)
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Initial State Radiation

sWe run at E_ =3.77 GeV to produce the y(3770)
«The spread in E__is about 2 MeV

*The width of the y(3770) is about 25 MeV
sHowever, the beam particles can radiate a photon and
produce the y(3770) at a lower energy.
o|n fact in every interaction many photons are emitted, but at
such a low energy that we can not detect them. The
distribution of energy radiated by (soft) photons is given by:

20(

TT

—1

f(E)xcE'" B= ~0.07

m

e

«Many analyses use a first principle lineshape for the mg fit

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 10



ISR In Data vs. MC

D "> K i’

I_D--:sKPTFl [ piekpPim | Monte Carlo
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Ds Scan

p DD ppoiD,  oin]
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* DATA PDG

'FR

v SCAN E,

P i
34 36 3.8 4 4.2 4.4
Egy (GeV)

@ |[dentify the final states DODO, D+D-,
DOD*0, D+D*-, D*0D*0 D*+D*-, DsDs,
DsDs*, and Dg*Ds* based on the

reconstructed momentum of DO, D+
and Ds mesons

@Took 12 scan points in the energy
from 3.97 to 4.26 GeV

0—0 + Continuum
B, o
D BYS

" F DID;

ofc

-D.05 "

AE (GeV)

-D.15

495
M, (GeV/ch2)

|2

MBC:\/Eieam_|p<D)
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Scan Results: Dst, Dst*,
and Ds*Ds*

.. e D
D;Ds DD S-k =
B ’ " Ds Ds
0.9) v Dg"Dg
0.8
0.7}
.__'E_,o.si— Ta;ke DSDgf* + |
© 0aE data at 4170 i
0.35— %L
0.2 L {_
0.1 ¢ T T
- | L LT ® @ 2. ® | g
9 3.05 4 405 21 aid a2 T hisE 23
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Scan Results: DD, D*D, and
D*D*

-+ - * * + *-I- *_ o DD
. D_??Ds D:D DS: D_ D, :Ds = DD
= i 5 . 4 DD
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Absolute Hadronic D Branching
Fractions ando (e e > DD)

°The y(3770) decays to pairs of D mesons — and no other

particles

sUse a 'double tag' technique, pioneered by MARK Il
N,=¢€,5,Npp N.N €. N ..€.
_ =_ B N B l J l = l J
N =€,B,N,, Npp= Noee, ' Ne,
Nlj=el.jBl.BjNDl—)

sUse 3 D° modes (Kn*, Kn*n’, and Kzn*rn*) and 6 D™ modes

(Kn'n*, K", Kntnn®, Kgntent, Kgntn?, and KK*nt)

sDetermine separately the D and D yields
*This gives 18 single tag yields and 45 (=3°+67) double tag
yields

* In_ a combined y’ fit we extract 9 branching fractions and

D°D° and D*D yields. The fit includes the systematic errors.

sMany systematics cancel in the DD yield (e.qg. tracking eff.,

PID eff.).
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Results from 56 pb-1
(PRL 95, 121801)

Parameter Fitted Value Apsr s Lﬂ | PIDG
Npope (2.01 £0.04 +0.02) x 10° —0.2% o " CLEO-
B(D® — K—r") (3.91£0.08+£0.09)% —20% |["7" e

B(D" — K70 (149+03+05%  —08% | Knmn l HeH

B(D® — K nrztr)  (834+02+03)%  —1.7% | kn'n fror

Npip- (156 £0.04 £ 0.01) x 105 —0.2% | kopepere ot

B(DT — K—rtx") (95+02+03)%  —22% | o . -

B(Dt — K ntz7rn%)  (6.0£02+£02)%  —0.6% o

B(D" — K%) (L55£0.05+£0.06)% —18% | " AR
B(Dt — KO n0) (724£02+£04)%  —08% | Nsmn  weHL

B(D' — Ko ntn)  (324£01402)%  —14% | kKo o

B(D" — KtK~n")  (0.97£0.04+0.04)% —0.9% N TR S T S

04 0.6 0.8 1.0 1.2 1.4 1.6

Our branching fractions are corrected for FSR (so they include vy's)

Using our measured luminosity of 55.8+0.6 pb'1 we obtain:
o(ete—D'D’)=(3.60+0.07+0.07)nb 0 (e'e—D"D’)=(2.79£0.07+0.10)nb

o(ete—DD)=(6.39+0.10+0.17)nb
(PRL 96, 092002)
CLEO-c inclusive: o (e*e — w(3770)— hadrons)=(6.38+0.08""7")nb

-0.30
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Single Tag Yields (281 pb- 1)

Extract yields from

2
mBC_\/ beam PD
Lineshape includes
+Detector resolution

*ISR in ete-—\Y(3770)

*Y(3770) lineshape

+Beam energy spread 10

Linear scale
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Double Tag Yields (281 pb-1)

= [ Data DODO o wf DT—Kmimt ﬁ
S ~13600 S vs. |
51.87:— events,; o ;‘400:— D-— K+t
o z I 2002
1.86 300—
; LT | . events
1.85[ S 200 _
184 f— | : . o 100; ﬁ
183:Il|| Lo v by | |'|-.| ' | :

183 1.84 1.85 186 187 1.88 1.89 L83 Ter T8 T ise 187
Mpc(DO) GeV

»Very clean signals in fully reconstructed events
s The statistical errors on the double tag yields set
the scale of errors on the branching fractions

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006

1.88 1.89
Mg (GeV)
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Systematics

- Some systematics improve with more data.

Systematic

0
KS

0
TT

AE

Data processing
Background shape

Double DCSD interference
Tracking efficiency

efficiency
efficiency

Pion particle ID
Kaon particle ID
Trigger simulation
Final state radiation

cuts

Signal shape
Resonant substructure
Multiple candidates

Old Value (56 pb™)

New Value (281 pb™)

0.3%
0.5%
0.8%
0.7%
3.0%
2.0%
0.3%
1.3%
0.0-0.2%
0.5%
1.0-2.5%
0.6%
0.4-1.5%
0.0-1.3%

0.0%
0.5%
0.8%
0.3%
1.1%
2.0%
0.25%
0.3%
0.0-0.2%
0.5%
0.5-1.0%
0.4-0.6%
0.3-1.3%
0.0-1.3%

A. Ryd, Cornell U.

LBNL Seminar, LBNL, October 3, 2006
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Tracking Efficiencies

*Events that can be fully reconstructed can be used for
very clean studies of tracking efficiencies

*We have used DD events and y(2S)—//v ntn events

sLook at recoil mass against D%-tag and pion — see how
often kaon is found

°|n data we find ¢=(90.810. 4)%

1600 =1 -
. 1/MCDD_mbc_yield= 12096 .- 111 ; 1_pimunu_nombc_Yield = 2728  -107
Sao0 |- fMCDD_mbe fract = 0114 0013 B0 MDD mbc yield = 1221 - 45
& E  m1/MCDD_mbc_Sigma2= 0.020j9 - 0.00029 3400 —  m1/Kpipi0_Yield= 8122 - 115
QEOO — m1/MCDD_mbc_Sigmal = 0.05%7 | - 0.0032 8150 ~  mO/MCDD_mbc_yield= 524 - 24
%000 T m1/MCDD_mbc_Mean = 0.243 - 0.00021 2 umFlatBkgd = 27 - 24
= umFlatBkgd = 46 - 14 3300 —
£ £ b
Zoool- s Kgon not
- 200 -
wi- Kaon = founc
N 150 -
400 — fO un d -
- 100 -
200 s0F- ¥
= e
0 0 -l - ot b . I- 1 | L L 1 1 | L 1 1 1 | L 1 1 L | L 1
0.1 0 01 0.2 0.3 04 0.5 -0 0 0.1 0.2 03 04 0.5

Missing Mass Squared (GeVA2) Missing Mass Squared (GeV/2)
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Preliminary Results for 281 pb-1

= 5 9

=

| 5 | J 1
PDG
w B CLEO-<

0.4 0.6 0.8

A. Ryd, Cornell U.

LBNL Seminar, LBNL, October 3, 2006

1.6

@ Statistical error ~1%

@ Systematics dominated
»Will improve some errors

@Final results on 281 pb-1
later this year.
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Dc Absolute Hadronic
Branching Fractions

@ Use same technique as for the DO and D+ branching fractions
@ Pairs of Ds and Dg*

@ Use invariant mass after cut on mpc for signal extraction
@ Signal will not peak in mpc unless the Ds is direct
@We use 195 pb-1 of data recorded at (or near) Ecm=4170 MeV

@ We study the final states:
-ii-KSK"'

*K+K-TTt
~K+K-TT+T0
= TC+TT-TT+
M+

-nn ITC"‘
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Single Tag Yields

Di->K, K: 1983 + 54

4120706-001

P I SR NN T SN S AT AT ST S BT SRR |

2.02

Events / (3 MeV/c?)
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T

-
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n
o
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T
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%400_—
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) B
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™ 300
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@ B
E -
T TT T 97080 947+78 g 2001
w i
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I i R
n'w 362123 372124 : 1 | L 1 L | L 1 Il | Il L L | 1 L 1 |
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+ 2
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1400 R e B L 1600 F 1 \ T [ =
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< < 800 1 150
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. Ryd, Cornell U.

LBNL Seminar,

M(D?) (GeV/c?)

1.96

1.98 2

M(D%) (GeV/c?)

LBNL, October 3, 2006

2.02
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Double Tag Yields

All double tags All Double Tags

cq-"‘- 2.06_| 1 1 1 |.| L |-| |.| T |.|1| T |.|. |-I-I T I.I_ 1 T ] L I
o . - e " e - PR . _'q.\_.o P | 1 N
— 2N Lot S R LA B Z \ ]
E 2.04[ % e 160 |~ 471 signal+
=, 2.02 Bt 140| events -
i WAt - s Z :
o B . ‘° -‘.c ‘- = " . : ‘\.A | /;/;/ |
S 2—_ - a r:_:- - P2 = ;/ i
£ = Cee S 120 ng i

- et ] o | 7 |
1.98| ) t = 100| -
p 1 o= :
1.96[ " — ~ - ]
- i on 80
L B 'E' - ]
1.94— ] @ - ]
- § > 60 ]
C - Ll
1.92[ = sl .
1.9__'-_...:_.-_' '-_‘:_. e . .- _: 20:— {
1 LT |. T. |.i': |- |.1 Al e A B .| T .I- | |“| h : |- L i e S A 1 i/t
1.88 1.9 192 1,94 196 198 2 2.02 2.04 2.06 0 L
m(D;) (GEVfcz) -0.1 -0.05 (0] 0.05 0.1

M(D*) - M(D:) (GeV/c?)

) KsK— KtKn K'Kaa® nmaat an o1
Yields from cut-and- KsKT 77 27.0 18.7 73 10 50
count in blue signal K-K+mt 18.0 104.7 43.7 30.7 120 80
region K-Ktnta® 8.7 35.7 14.0 13.3 1.0 5.7

ntmt 33 207 16.0 13.3 47 40
T 0.0 10.0 2.7 6.0 10 17
wtn/ 3.0 10.0 3.0 3.7 10 00
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D¢ Hadronic Branching Fractions

LR DL 2 —
Ky K* e i —#— CLEC Proimkary. Tpa
i
K*K » = e
R H—:H—I—H
ol |—|—|—|—|E
o ot
IIIIIIIIIIlilIIIIIIIIIIIIIIIIIIIIIIIIII
04 06 0838 1 1.2 14 16 1838 2 22 24
BF/FDG 2004 fit
Mode 195 pb~1 (%)  PDG 2004 fit (%)
B(KsKT) 1.50 + 0.09 4 0.05 1.84 055
B(K-Ktnt) 557 +£0.300.19 43412
B(K-Ktatn®) 5.62+0.33+051 —
B{ntatm) 1.12+0.08 = 0.05 1.00 £ 0.28
Bintn) 1.47+0.1240.14 17405
B{mtn') 402+ 0274030 30+1.0

A. Ryd, Cornell U.

LBNL Seminar, LBNL, October 3, 2006
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What about D;—¢n?

_ _ D —K*K-r partial BF:
*Ds—(T interferes with Ds—fy T CLEO- ¢ (+ 10 MeV around ¢)
*B(Ds—(T) is not well defined and 1.98+0.12+0.09
we are not quoting it now (~x2+0(10%)) (Preliminary !)

@We can calculate a “partial br. fr.” in

a mgk window around the () mass For reference: D.—qrr
PDGO6: 4.4+ 0.6

BaBar: 4.8+ 0.5+ 0.4
(1.008<M(K+K-)<1.035 GeV)

L L L B
- : 1 T I T T T T | T T T T T T T T T

Data 195 pb-1 1 : J

] 1200 P 7

] 1000 3

] 800 -

§ n x| ]

; - 00— J

. anof- ]

1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 T : * :

2.5 3 3.5 a 200 & 7

m(K K*)? (GeV?/c?) - . a ]

p! R o B o S P

0.35 1 1.05 1.1 1.15
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D->n(zn*)m(x°) (PRL 96, 081802 2006)

@This analysis doesn't use D-tags.

eMeasure relative to normalization e
mode (DO—K-TT+ or D+— K-TT+TT+) jof
Mode B (x10-3) PDG (x10-2)
TUTC 1.40+£0.04+0.03 1.38+0.05
T 0.78+0.05+£0.04 0.84+0.22
TUTC T 13.3+0.2+0.5 11+4
rerere Mass (6ev/ <)
TUTUTU TC 7.42+0.14+0.27 7.3£0.5
TUTC TOTP 10.2£0.6%£0.7
TOTUTT TUTP 4.31+0.44+0.18

A. Ryd, Cornell U.

281 pb-l

Entries,/C.5 MaV

100004

1.84 1.66 1.88 1.84 1.86 1.68 - 1.84

1.86 1.88
Mass (GeV /)

LBNL Seminar, LBNL, October 3, 2006
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Inclusive 1, ', and ¢ Production
in D and Dg Decays

aTag one D or Ds and look
at the recaoil
2281 pb-1 for DO and D+
71 pb-1for Dg

*\We see that the production
of n, n', and ¢ is larger in Ds
decays than in D decays.

sImportant branching
fractions for studying Bs

decays.

A. Ryd, Cornell U. LBNL Seminar, LBNL,

n (%) PDG
Do 9.4+ 0.4+0.6 <13%
D+ 5.7 0.5+ 0.5 <13%
D+ 23.7+3.1+1.9

n" (%) PDG
Do 2.6 £0.2+0.2
D+ 1.0 £ 0.2 = 0.1
D, 8.7+ 1.9+ 0.6

@ (%) PDG
Do 1.0 + 0.1 £ 0.1 1.7 +£ 0.8
D+ 1.1 £0.1 0.2 <1.8
D, 16.1 + 1.2 +0.6 18 <15
October 3, 2006 Page: 28



D" —u’ v and f

+f°€ w Al
D {_>\N\M
d \Y
G2
(D" ->I'v)=——f.m M _.(1

[

81T b M

»Rate of e:nitis ~10-4:1:2.65
s A precise measurement of fpallows precise

comparison with theoretical calculations, such as
lattice QCD.
+This will help determining /5.
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Analysis Technique

T K*

Tag D - fully reconstructed

+

u

* At threshold produce only D*D-, no additional pions.
»Detect muon and make sure it recoiled against neutrino.
«Extract signal in M* _ which peaks at 0.

MmISS

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 30



MARK lll and BES Results

MARK Il PRD 60, 1375
=t 2490 77 PP
.. Tags |

EVENTS/(0.001 Gev/c?)

)
Q
o]

0 |
1.82 .84 1.86 1.88 .90
MASS {Gew/c?)

EVENTS/[(0.02 Gewee?)?|

1000

1.2

Py 1-1

0.9
0.8
0.7

0.6

BES Il PLB 610 (2005), 183

| | |
~33 pb
- 5321 D-tags B

MM?2

B(D' —p'v,) < 7.2x107" B(D" - pty,) = (1227151 40.10) x 107

fp+ < 290 MeV

A. Ryd, Cornell U.

LBNL Seminar, LBNL, October 3, 2006

fpr = (371173 4 25) MeV
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CLEO-c D-tag Reconstruction

1630605-005

12000 e 000 e T 2281 pb-l

@Six tag modes used
@ ~160,000 reconstructed D=

Mode Signal Background
Kto—7n— 77387 + 281 1868
KTn—a—n® 24850 £ 214 12825
Ken~ 11162 + 136 514

Kgn—n~nt 18176 £ 255 8976
Korm® 20244 + 170 5223
KtK— 7~ 6535 £ 95 1271
Sum 158354 + 496 30677

11200
1 soof-

1 400

o 1 o

184 1.86  1.88 (é.8v4) 186 1.88
m e 2
5C MBC=\/Ebeam_|p<D)

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 32
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Signal Side Selection

sRequire one track consistent with coming from the IP for the muon.
sMuon candidate deposit less than 300 MeV in EM calorimeter

sNo additional track from IP

?Veto background from D*—z*7°
sRequire no unmatched showers over 250 MeV

800 AAREERES —1+ 71 Highest energy unmatched cluster

L _

— Data_ 60 1630804-0/5
> | 1 | 1 I I I I I I 1 1 I 1 |
%’ 400_— 7 sol (a) ]
s | | | ) 1 a0} ]
c oLt 1 1 1 L1 ] L1110 T N L1 T N
L?>JJ1000 I I | | | I 1 I | | 1 I 1 1 | | | I I I | | | 30- ]
5 - (b) ] 20:' ]
5 | MC - I ]
E 500l 4 19 —
= i i [ T B

i i 0 0.40 0.60

_I | | | | | | | | | ] 1 | LI ] | | |_

0 0.1 0.2 03 0.4 0.5 GeV

CC Deposited Enerav (GeV)
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Signal Extraction

*For events with p candidate form
2 _ 2 — - \2 120 —r——r————r— — g3t

MM _<Ebeam_Eu) _(_pD'_p“) i
=0

»Signal will peak at MM*=

“YeIIow book" MC Studv

373060 1017

700 - -1 50

Candidates / 0.01 (GeV)

1fb"1CLEOc
Tags: Kz,
K
S
Cuts:

E

Jm'o, K n‘:mo_

+E

extra tot

M (v)?

A. Ryd, Cornell U.

03

0.4 0.

Data 281 pb 1

15F T ; |
100 F : —
| 10f 17l o
¥ : hﬂ t ||| D">K'n*
o 80— 5| ] .
m | ]
— B = |J_|—v—\|_| ] ]
el -005 0 005 | L |
¢ + 50 Signal ’ -
2 40 Candidates
20 |- e
— PrL|_|J|_|-I_|_LI—|I | | | | | |
0 0 0.25 0.50

MM? (GeV?)
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D"—u® v, Results

*50 signal candidate events with the following backgrounds

Background B (%) # of events

Dt — 77 0.134£0.02 1.40£0.18 4+ 0.22

Dt — K%t 27740.18 0.33 £0.19 4+ 0.02

DT =1ty 26 x B(DT — pTr) 1.08%0.15+0.16
DD’ DD~ — <04, <04, 90% C.L.
continuum — < 1.2 90% C.L.

Total 2.81 £ 0.30+ 05

= With 158,354 D™ tags and an efficiency of 67.7% for signal
events to satisfy the selection criteria given a D" tag we
obtain:

Br(D*—u*v)=(4.40%0.66""7)x 10" f,=(222.6+16.7";;)MeV
PRL 95, 251801 (2005)
sWe also obtain Br(D*—e'v)<2.4x10” at 90 C.L.
A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 35



281pb-1 hep-ex/0604043

Sea rc h for Dﬁw’l«' (accepted by PRD)

Look for D*=t*v (t*=n*v) in events
with tags selected as for D*->pu*v.

Sample subdivided based on energy
deposit of candidate track: (a) <300
MeV and (b) >300 MeV.

MM2 small due to m,close to mp

]
<300 MeV

1 T
. 1
100
3t E
80 2F 1
- 1 F 3
so| of A1 [I[ 1
| o 0.15

0.05 -1

L

| ,.>300 MeV

Number of Events / 0.01 GeV2
iy

00000000

i 1
0.00 o.25 o0.50
MM? (GeV?)

1631104-116
1000_| T T I | | I I I I_
. b MC D+=>1tty ]
> B |
& 750 (Trt=>7mtV) -
s | |
= |
o | .
S 500} —
> | |
L
s [ i
5 | .
e
E 250| _
3 - p—
Z - —
o | | M .
0 0.25 0.50
MM? (GeV?)

A. Ryd, Cornell U. LBNL Seminar,

BFD*->1'v)<2.1x10-3 (90%CL)

SM : BHD*=»>1Vv)=(1.1+0.2)%x10-3
LBNL, October 3, 2006 Page: 36




Ds—pvy

»CLEO-c has used ~200 pb-1 to study Ds—pv,,
»Sighal D¢ can come directly or from Dg*

e’ ) : | o e’ . - o
Vu‘\ % Tt \@%
u\ + / u\
K* K

sForm %2 with both hypothesis for where the photon comes
from. Keep best.
e Look for signal in missing mass.

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 37



Tag Yields and Slgnal

4000
3000
2000
et
o
1000b2"*""
3.50 3.70

3.90
MM*2 (GeV 2)

4.10

Events/ 0.01 GeV2

12}

(i)

64 events DATA 200/pb 1
l l <0.3GeV in CC |

24 events M

Ly

[HE

(ii)

DATA 200/ pb

>0.3GeV in CC|'H
l 12 eventsl I

i HHHH |

»Total of 11880+399+504 °

L

Q0 I

o

A. Ryd, Cornell U.

tags, after the selection
on MM*2,

0

0.25

Missing Mass squared (GeV?)

LBNL Seminar, LBNL, October 3, 2006

0.50
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Ds—uv,and Dg—tv,

* D A->utv

» 64 signal events, 2 background, use SM to calculate
tv yield near 0 MM?2 based on known tv/uv ratio

» B(D;»uv)=(0.657+0.090+0.028)%
o D t>TV, T ATV

» Sum case (i) 0.2 > MM2 > 0.05 GeV2 & case (ii) MM2
< 0.2 GeV-. Total of 36 signal and 4.8 bkgrnd

o B(D+>1v) = (7.1+1.4+0.03)%

» By summing both cases above, find
> f,,=282 =+ 16 = 7 MeV

» Bef(D ->pv) =(0.664+0.076%:0.028)%
> B(D;t»e*v)< 3.1x104

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 39



Ds—1tv, ™evy

sAn alternative is to look for Dg _ — ,‘IlO,Q MQVI —
—TV,, TEVY s L Lr ° DATA ]
8 [ CJvic Total
sB(Ds—1tv)xB(t—evVv)=1% o [ Mcsig 1
. c 40 _
sRelatively large comparedto 2 | _/MCBg
[ IMCK’e*v, ]

sReconstruct tag Ds and e
*Veto extra tracks

sl ook for signal with little extra
energy in EM-calorimeter

Do not need to find y

sB(Dy*1v)=(6.29+0.78+0.52)% 0 05 1 15 2
of =278 + 17 + 12 MeV Foo (GeV)

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 40



Comparison to Theory

@CLEO results

consistent with most
(recent) predictions.

sFor precision

comparisons we need

more data.

sUsing Lattice results
for decay constants

we get [Veg/Ves|
=0.22+0.03.

A. Ryd, Cornell U.

CLEC prelminary |

Lattice
PRL9S,122002(2005)
QL (Taiwan)
PLEGZ4,31(2005)
QL (UkQcp)
PRDS4,094501(2001)
QL 23
PRDE0,0T4501(1999)
QCD SE
hep—ph/0507241

QCD SR

hep—ph/ 0202200

Quark Madel
PLBE55,93{2006)

Quark Model
FLBS36,64(2004)

Fotential Model
Braz.J.Phys.34,297(2004)

lsospin Splittings -

FRD4T 305902004

LBNL Seminar, LBNL, October 3, 2006

el e —a—
= o ] — e -
] HeH HeH
- e - = Hail
e o ol
_—|—-| — == M
_ —e—i e e
- . - . .
| = .
| e - ™ [
——i
T R T R T
200 250 300 200 300 1 1.2 1.4
foe (MeV)  foy (MeV) Tos/ Toa
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Semileptonic Decays

eSemileptonic decays are easier to
describe theoretically than hadronic
decays
*The non-perturbative strong physics
IS parameterized in form factors.
sFor m=0 we have c

~one form factor for D—(K, n)ev
-three form factors for D—K*ev

»CLEO-c measures
s|[nclusive and exclusive branching fractions
oCKM matrix elements (V.4 and V)

sForm factors
eThe clean environment and excellent detector will allow the first
precise studies of Cabibbo suppressed semileptonic D decays
sWe only use electrons; muons are too soft to be cleanly
identified.

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 42



Exclusive Branching
Fractions

sThe exclusive decays are studied by finding an electron and
reconstructing the hadronic system recoiling against a D-tag.
«The signal is extracted by studying the variable U=E ;..-|P i<l

sFor the signal events, with one missing neutrino U peaks at
Zzero

*D—Kev and D—mnev are kinematically separated

CLEO-c 281 pb™ (Preliminary) ~ CLEO-IIl 7 fb! (PRL 94:011802, 2005)

24” I 1 I 1 | I 1 1 1 | 1 1 I I T T T [ I T T [“3??:}4'011_?{:3
2003_ . Mid g© Bin -
- % C.L. = 52°6
> B = I 0 |
% 150:— — i D~ —>meV 1
o i —
w120 $200 DO%KeV.} =
5 _F 5 -
o 80r =
- o
40 ©
o le— O
025 ? 0.12 0.32
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Semileptonic with Tag

DO Tags
80000
- 306K Tags
- 15% tag eff.
o 60000
- I
>
m =
= i
40000
E i
2 I
g L
Ll 20000
] | 1 11| | |

I I B NI A B
1933 1.84 1.85

186 1.87

mbc (GeVic)

A. Ryd, Cornell U.

Events / ( 1MeV/c?)

D+ Tags
. 160K Tags
400001 79 tag eff.
30000
20000
10000
:|||||||||||||||||||||||||
Ps3 184 185 1.6 187 188 189
mbc (GeVic))

LBNL Seminar, LBNL,

October 3, 2006
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Inclusive Semileptonic
D decays

281 fbl @This analysis uses only the
cleanest tags: D°—K=* and D+—
e D* Katnt

Iy eCorrect for e momentum cut
03 fﬁ" T ‘%‘i @Obtain the branching fractions

o) DG
ﬁy Br(D'— Xev,)=(6.46+0.17+0.13)%

Br(D'— Xev,)=(16.13+0.20+0.33)%

4 sUsing the measured lifetimes we
5

| obtain
I'(D'-Xe

at | + ( Ye) _ (0.985+0.0280.015)
: r(D’—Xxev,)

-, sThe sum of exclusive final state

o %5

DI'(D e*Xv)DOp (ps™ GeV?)

b2 04 06 08 :

Momentum (GeV)
(Lab frame) D Br(D'—X,ev,)=(15.1£05+0.5) %

> Br(D’—X,ev,)=(6.1+0.2+0.2) %

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 45



First observation of D+— netv

D* = 1(1Y) e v D' = n(ﬂ:+ T TE”)E+ V

f:: 12 |-peak_yield = 32.6+ 6.7 E 6 -peak_yield = 13.82 4.0
L = v C
3 - ® -
O 1wl O 5L
v B
o - o
S g T
— I [=] -
g 8 = 41
: i 0
I.IJ _ c —
6 [ g 33— b
f— m :
— 1 L
4 ] 2 ‘.
L T ] [T N 1
2 __ [ [TTT [ 1 [ 1 __ e ] [
B kL
prp———— EnEE Ll ! | 10 1 ! _,,,,|,,..I....I._._._'-L'-/.'T.|.'\"FFH i
0.3 -0.2 0.1 0 0.1 0.2 ..M 025 02 015 -01 005 -0 0.05 01 0.15 02 025
Emm-P'nilm {Gevic*2) i P {Gewc 2)
II"I

B(D* - ne'v) =(1.29+0.19+0.07)x10° B(D* — nl*v) <5x10°(90%C.L.)
B(D* - n'e'v),, . ,<3x10*(90%C.L) B(D" - n'u'v)<1.1%(90%C.L.)
B(D' - ¢&'v)<2x1074(90%C.L) B(D" - ¢&'V) < 2.09%(90%C.L.)
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Events/{10MeV)

Exclusive Signals (281 pb-1)

Tag Preliminary  untag
200F 3 [ 1
- I\ i T 18000
::g_ D’ it e*v D Ke'v | 800} Y 1 1 |D°—> Ke'v :
3 a + [ 1 ;
f 699%28 6796184 oo 1347249 114397132 oo
1:2 : 3 a0l 1 4000
60 3 > - ¢ ]
[ + e m - 1 4
40F Ay | ! ! = 200[ ) T -2000
200 - iE © . 71 ]
0% ,,,,,,,,-, g o= = t 1. N "vv-""l—J—fl_ -D
C + =0 4 L _
{ ) 207 450429 1584688 [ -s000
200 L
150_ 2000
100' 1000
50 |
2 4%%7.0.05 0 0.08 0.10.48 0.3 0. 5800501005 0 0.05 0.1 0.15 0.2 0.2 i; - , _ 0
_U (GeV) vseu) 1.8 1.82 1 84 1. 86 1 88 1 8 1 82 1 84 1.86 1.88
U mlss |Pm|ss| (Ge (GeV)

Tag and Untag analysis have 40% AE =B +Ee+1pmss|_
I houl t - [Eg2
overlap and should not be averaged M, _\/ _(pK(n) +pe+Cpm-ss)2
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Branching Fraction Results

D Decay Tag Br. Frac. (%) Untag PDG (%)
D° . K ey /3584005 0.05 3564003+011) 3624016
D° ., s;Te'y|0.309+0.012+0.006 0.301+0.011+0.010 | 0.311+0.030
D* _ K%'y| 8.86+x0.17+0.20 8.75+0.13+0.30 7.2+0.8
D" - rPe'v Q397J_r 0.027+0.028 0.383+0.025+ 0'019 0.38+0.19
Ratio Measured (%) PDG (%) Ratio Measured
D° - me'v 5L 03401 86107 r(D° - me'v) |[1.95+0.15+0.14]
D° - K'e'v T ST r(D* - me'v) |(1:99£0.15£0.10
D" - me'v r(° - Ke'v) )
_ - 1.02+0.02£0.02
D' - K%'y [4.41 0.3+ 0.1] 46+1.4+17 "0 K] [1-0310-0210-0%

A. Ryd, Cornell U.

LBNL Seminar, LBNL, October 3, 2006

Page: 48



Comparison to Other Exp.
CLEO-c 281 pb! Preliminary

] | | ] ] I | | | | | | | | I | | ] ] ] I ] | | | | ] I L] ] ] | | I n I ] I L] I | | I
PDG (2004) |—1—| PDG (2004) _1—1
LQCD LQCD ety
CLEO—c (tag, 56 pb™")  Hesj= CLEO—c (tag, 56 pb™") ==
Belle (tag, 282 fb™')  jjufputen] Belle (tag, 282 fb™) K=
CLEO—c (tag, 281 pb™) [y 2 CLEO—c (tag, 281 pb™") [
CLEO—c (no tag, 281 pb™") HTI CLEO—c (no tag, 281 pb™") M
.| | I . I L 1 1l l I l . I | I | I ] I 1 I
2.0 2.5 3.0 3.5 4.0 4.5 0 2 4 6
0 - + 1 A2 0 - + -3
B(D"—Kev)x 10 B(D"—me v)x 10
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Form Factors In
D—-Kev and D-nev

sThe differential decay rate is given by

dIr G’
e ey 7’;3I‘/cq|2p}|f+<cf>l2

*q=me,
°As we use electrons the form factor corresponding to
a scalar W has a negligible contribution to the rate.

*The observed g2 distribution is fit to extract form
factor information.

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006
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Form Factor Fit (Tag)

| Decay Rate |

| Decay Rate |
EE 18 E
s 16 a6 E
T ME R
2 = (L =
= 12 = 1z2E
= WE = nf
= &E = 8F
T BE T OBE
Eoaf T 4F
- 2E 2E

E...I...I...I...I...I...I...I...I... I]: =
T N W I R W 0 0.2 04 08 08 Jv;‘-z 14 1.6 18
2 zaW? o Ge

| Decay Rate | [ Decay Rate |
1.6 1.6
i 1.4 e T4
o o= =
T 12 & 12
= = 1
Ta 0.8 T2 D8E
= 0.6 e 06 E
= C
c 04 E 0.4F
0.2 T onz2fE
0 I:I-

filg')= L fa)= 1—¢*IM7;  1-xg’I M3,
X
1-q°I M’ bole —q q
A. Ryd, Cornell U. LBNL Semmar LBNL, October 3, 2006



Pole Mass

D->Ke*v D->zev
1 1 1 1 T T 1
Mark I — o
=691 : ] CLEO Il Hell=1
CLEO (1991)
CLEO (1993) = ]
E687 (Tag) . ’ FOCUS (2004) e ]
E687 (Incl) H—E—H
CLEO (2004) Belle (2006) ==
FOCUS (2004) }
World Average (2004)
Belle (2006) (T CLEO—c (tag) i
BABAR (2006) -
CLEO—c (taq) . CLEO—c (ﬂo tog) HH
LcirFo—c (no taq) ) -
L+ + 3+ o+ L+ 4 43 5 L3 3 3 314 4 44 1 S L+ ¢+ 4+ 1 4+ 4+ 4+ 1
nT 1.2 L7 ., 22 2.7 0.7 1.1 1.5 , 1.9 2.3
5 Mpole (GeV/c) Mpol . (GeV/c))
-
g Decay Mode Mpole (Tag) Mpole (Untag)
> D > Kev (av.D° & D) | 1.96+0.03+0.01 | 1.98+0.03+0.02
©©
1 D —» mev (av. D° & D*) 1.95+0.04+0.02 1.88+0.03+0.02

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006
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Form Factors and LQCD

0.8
1 1
0.670+0.028B+0.011+0.009
0.751 CLEO IIl A
JLQCD| CLEO-c
I Tagged Belle (2006) ]
0.7
= |
= | LQcD
0.65 ‘ *
o -»
i CLEO—c (tag) ] ==
oe_— CLEO-c |
I i Untagged CLEO—c (no tag) ] ==
0_55_....|....|....|....|....|....|....|....|....|.... . f . |
12 -0.8 0.4 0.8
o
0.85 T T v 1
LQCD FOCUS (Param) He=l=—h
o.8F CLEO-c
. Tagged CLEO Il —o—1
. 75:_ {- .} Belle (2006) H—o—1
§+ ! (cieowc BABAR (2006) BTH
0.7F Untagged LQCD .
|
0.65
0.760+0.010+0.007+0.00] |(&Eo=c (notoa)]
0G_....|....|....|....|....|....|....|.... . . 1
: -0.4 0.0 0.4 0.¢

A. Ryd, Cornell U.

o

D _.7rtev

(2}

(3]

LQCD

f.(a’)/f (0)

-

\

DATA HT

o

c\\\\\\\‘\\\\‘\\\\‘\\\‘\\\\

0.5

ol v v

" DATA FIT

0.2 0.4 0.6 0.8 1 ‘12.2‘
q’(GeV")

o
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D—-’K*"ev Form Factors

@Focus has seen evidence for a
S-wave component of the KTt.

sFit the 0, and 0, distributions

as a function of g2 to extract
the helicity amplitudes.

(1+cosg)sing,e* BW H+(q2)
Al :% ~(1-cos6,)sing,e"* BW H_(qz)

—25in9|(cose\, BWH( )+Ae hO( ))

Focusfound A 7% of BW peak if they assumed
ho(qz) - Ho(qz)
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D—K'ev Form Factor Results

Preliminary

- e Hi(@®)l®
400_— ] 0.8 | | I :
N : <|  Use 2447 ]
= i ]
= 1 0.4 -
~. 200 [~ —
-% 0.2 —
2 100 ] ]
: i 0 IIIIIIIIIIIlIIIIlIIII-
0 - ....—.-"'r:_'Trd— , \ \ \ -l""-L__._I__" i | Ly -1 .%IO 0-2 0-4 0-6 0-8 1-0

0.6 0.8 1.0 1.2 1.4

M(Km) GeV/c?

sNon-parametric fit
oClear evidence for S-wave

. Ryd, Cornell U.

LBNL Seminar, LBNL, October 3, 2006

15FT |Ho(q2)|2 T

%.0 0.2 04 06 08 LO

|H_(g?)]?

25

20
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1.0
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IIII|IIII|IIII|IIIIIIIII
o0 02 04 08 02 L0
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Summary-Outlook

*CLEO-c has recorded 281 pb-1 at w(3770)
s Absolute hadronic branching fractions
s|eptonic decays

*Semileptonic decays
sRecorded ~330 pb-1 at E;n=4170 MeV
*Analyzed ~200 pb-1 for hadronic and leptonic Ds

decays
»Goal is to take ~750 pb-1 at E.[,=4170 MeV and at

y(3770) before the CLEO-c run ends in April 2008.

s|eptonic decays can make full use of statistics
»Cabibbo favored hadronic and semileptonic decays
are starting to become systematics limited at the

y(3770)
«D. decays will remain statistics limited

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 56



D+—K+70
 Reconstruct K+ using RICH (some dE/dx), m—yy.

« Require -40<E_, ,-E;..ry <35 MeV
- Fit M, spectrum

e Normalize to D+—=K-nt+rt

M DTt B(D* —sK+10)= (2.25 # 0.36 + 0.15 + 0.07) x 10
%1uu—peak_yield= 147.5039 + 23.2601 r

o f BaBar (124 fb-1) finds:

: B(D*+ —K*10)= (2.25 * 0.46

3 + 0.24 + 0.16) x 10+
g

Yield = 148+23
e =44.5%

1.84 1.85 1.86 1.87 1.88 N
Mbc of D candidate (GeV)
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Summary of Exclusive
Semileptonic
Decayvs in 56 pb-!

Mode B (%) B (%) (PDG)
D’ 5 etr, 0.26 £ 0.03 +0.01 0.36 & 0.06
D° -5 K etu, 3.44+0.10+£0.10 3.58+0.18
D° 5 K* (K 7%etve 211 4£0.2340.10 2.1540.35
D’ - K* (Kt )etve 21940.20£0.11 2.15 £0.35
D° = p efre 0.194+0.04 £ 0.01 —

DT — 7%y, 0.44 +0.06 £0.03 0.31+0.15
DT - K%, 8.71+0.38+0.37 6.7+£0.9
DT = K*%%y, 5.56 +£0.27+£0.23  5.5+0.7
DT — pP% 'y, 0.214+0.04 £0.01 0.25 £0.10
Dt 5 wetr, 0.1675:97 +0.01 —

sMost modes are improvements over the,PDG, A R T
°Including two first observations

oDO—p-etv, and Dt—wetv,
sMost systematics can be reduced with more data
eUpdating analysis to 281 pb-l
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ILI B CLEO-c(57/o0)
D> K e |!|

D> ety

D°— K (K nt%e'r -
D°— K (K% e'v _
D°—> pe'v _
D*>» ne’v _—I

D> KK ne'v -

D' K% e

D> %" v = —

D—)f,uev_

0 1 2
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Ds—uv,

+Current best measurement from

From P. Patteri
BaBar (230 fb-1) (
+Use DO, D+, D tags to get clean R AT
BES (97) _
ete-—cc Sample L3 (97) ——
. CLEO (98) SR
+Have 489x55 DSH,UV‘U candidates BEATRICE (00) -
'DP.IE"[_L I:U'I‘]' BEE e e il
ALEPH (02) ———
;J 300;— 489155 Sgnaj Previous World Average R
S 250E o
5 - This Measurement =
S 200F
o -
E 150F
A5 - MILC quenched (97) =
100 T BHelvana MILC unquenched nf=2 (02} ==
E MILC+HPQCD unquenched nf=3 (04) swem
S0 S + U |'J|"‘|‘ e ————
N B T 150 250 350
0 0.05 5

R T

e wwl o, /f5 T =125t014
v = (yer) —x(er) ( As expected from LQCD)
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D9—Kgn¥ and DO—K; w0

?|t is often assumed that I (D—KksX)=I (D—KX), but this is not strictly
true due to interference effects.

13 K'=—

V2

u

Cabibbo- allowed

C SI_(O
w q
0 d - 1
D J 0
u
e

Cabibbo- suppressed

(Ks—K})

The physical states of the
Ks and K| have different

rates due to interference

Predict

Based on factorization Bigi and Yamamoto (PLB 349, 363 (1995))

[(D'-K,)-I(D’-K,)
[(D'-K)+T(D"-K,)

()

A. Ryd, Cornell U.

LBNL Seminar, LBNL, October 3, 2006

Page: 60



Measuring D9—K) 10 Pre/,',,,,-na

r
@ CLEO-c is uniquely positioned to measure DO—K| r0 y
?|n tagged events, look at recoil against 70 and veto Ks

2 h1 2 h3
Mmissing (Monte Car|0) Entries 64368 Mmissing (Data) Entries 4517
1400F Mean 0.5633 = Mean 05722
N RMS 04192 C RMS  0.4237
70f
1200 -
60F
1000f- .
[ 50F
oo} :
C aof
600 ~ 30:
a0of- 20f
200 :_ __.‘ _7:’, s 1 0 :
ol Lovs by ool 0‘:
-04-02 0 02 04 06 08 1 1.2 » 1.4 04 -02 0 02 04 06 08 1 1.2 ) 1.4
Mmissing Mmissing

@ Correcting for Quantum Correlations
*B(D°—>K(L)n°)=(O.94010.04610.032)%
*B(D°—Km’)=(1.212+0.016+0.039)%

0 0
[1D ~K,y)-[(D HKL)=0.122i0.024i0.030 In agreement with
['(D'-K)+I'(D'-K,) theory (factorization)

A. Ryd, Cornell U. LBNL Seminar, LBNL, October 3, 2006 Page: 61



Dt+-oKpntvs. D+—>Kgnt

@Look for recoil mass against pion in tagged events

_ _ Fit for KO pi+ vield, withVeto D
| Fit for KO pi+ yield, noVeto | e | pi+ yield, | shedeny bigd = 04
Koo bga = 143 = F Kok bliga = 0
~ K b= 1.5 o - Kpin bkgd = 0.7
KOK bkgd = 1.5 < pi0 bk
S:q Kpi0 bk::: 1.2 > 400 EXtra trk/T[O fri1pi0pi0piﬂ bkgd = 3.3
= 800 pipi0piOpi0 bkgd = 1.9 ] = TTL;n:kIgJ:g_do-;).D
g rhoﬂ!'n_unu bkgd = 7.2 [0} - Veto ; rhc‘:z':u bkgd_= .4.1
— 700 :\szll\:'::?(dg; %55: g 350 pipipipi0 bkgd = 0.1
a2 2 = ipipi bkgd = 0.7
g pl???:&?z«;ﬂ-‘ e - ( removes pi‘::lli?)l;:) bkggd —a73
— p!;g)gm blgd = 156.0 Z300F i;(igmu nu ::Q:=223-g
T — i 5 — munu =29,
g F Komumibkgazoss | | 8 F most K_) o bk 128
c = piznu bkgd = 14.0 5 250 S Kopipio bkgd = 50.9
g 500 :— KOpipi0 bkgd = 110.6 = = K;ﬂ‘ﬁipéir:ﬂ‘(;;_%z
W E i g (1 = 600 = = munu bhgd ()= 619
400 sum of yields = 6438.4 200 = !:r:fmlt:izzias:ads
= - | chi-sguared = 30.5(50 - Np
300 150 \
= = \
200— 100— \
100 S0 ¥ b
0 :_' L=l :'--—.-'_"."'.'.—:-_: -_-: =T e ] e T 0 - T e s T8 [ m _ T SR E —- =—____'
01 005 -0 005 01 015 02 025 03 035 04 -0.1 -0.05 -0 005 01 015 02 025 03 035 04
Missina mass sauared (GeV/2) Missina mass sauarad (GaVA2)

Missing Mass Squared Missing Mass Squared

Yield Efficency BF (%)
K Tt 4428+79 85.2+0.1 3.095+0.056
K, 1Tt 2023+54 81.8x0.1 1.456+0.040
I(D'=Ky)-I(D'>K,)
[(D'-K)+I'(D'-K,)
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