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A new charm-physics era

The high statistics and excellent quality of data allow for
unprecedented sensitivity & sophisticated studies

Investigation of decay dynamics both in the hadronic
and semileptonic sector

Phases and Quantum Mechanics interference
FSI role & CP studies

Lifetime measurements (@ better than 1%
non-spectator processes

Mixing
possible window on physics beyond SM
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4 Outline N

e Hadronic decays . R
D KKK D' —>K K'K

> First clear evidence (DSCD) i First evidence (SCSD)

o Amplitude Analysis of three pseudoscalar channels
D" > K'7tn D' .>Krxn D+\T) K K"
e Semileptonic decayS\ First Dalitz analysis ~ New method for CPV

Anomaly 1n D" — (K 7 " ) ,Ll+V decay —— s-wave interference

New BR of T(D" 5K u'v) and L', = du'v)
F(D+ N K_7Z'+7Z'+) F(D+S N ¢7Z'+)

e Lifetimes
Precise measurements for D, D° and preliminary for D,
e Mixing
\ Prelimary results from D' —>K'zwand D’ —>K" J7% /
\,/ €831 Y
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Over 1 million
reconstructed!!

2

Yield = 1167305+ 3011

T \
1.8 2

K7, K27, K371 combined

Successor to E687. Designed to study charm particles produced by ~200 GeV photons
using a fixed target spectrometer with upgraded Vertexing, Cerenkov, E+M Calorimetry,

and

capabilities. Includes groups from USA, Italy, Brazil, Mexico, Korea

1 million charm particles reconstructed into D—>Kn , K2n , K37
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First clear observation

D+ ,DS+

—> K K"K~ A

hep-ex /0206049
Yield D' =65.5+15.0

1K f»."ﬁ.'\ r

Yield D, =31.447.4

o /V First observation
125" rpr S kKK 4
| ——— 2 =(9.49£2.17£0.22)x10"
/ | I'(D">Krnrn)
N | | _
| | I'ND"—> K K'K
i (R AN D ok K +)=(862+204+207)x10‘3
0o LT > KK < u
M e d—\ = ?
Qntervention of resonances coupling both to nn and KK or annihilation /
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Dalitz plot analysis of

=

i

e | Y, =468+p9

g | T =190E2 SIN=24
wl S/N=1.0

D T ]

L L . A=F,F x|p, p3‘ P, (cos§;) x BW(m122)

F=1 Spin 0 P =1
Where | F=(1+R*p®)” Spinl ¢ P, =(=2p,p)
F=(0+3Rp"+3R'p*)™ Spin 2 P, =2(p,p,)’(Bcos* 4, —1)
F F 2j+1 M F2( )
and BW(12|r)=—F—"5"— rzrr[ﬁ} Mk p
\ M, —my, —iI'M, P my, £°(p,) /
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DCS Decay fractions and phases \
D Kt ™t | nr = 945 %  (6+16)°
K*(892) =43+7 % (208 +16)°

Yield D* = 190 +24 | K*(1410) =12+8 %  (133+23)°
Ky(1430) = 6£3 %  (48£27)°

S/N D*=1.0
. SRRT. K*(1680) =22+ 10 % (2£20)°
\ T 3 p(770) =51+10 % (O fixed)
0.2 gL L e TR . .
. =" Preliminary (H(O80) =95 % (73£3D)°
0.5 1 1.5 2 2.5 3
m’, p(1450) =10+5 % (-113+15)°
25
40
35 I 20
z: 15 i 2 2 2
| ; _H@e A, dm,dm,
20 ro T o 2
< 0 HZ jajelngj dm/,dm 7,
10 5
5 |
0% i 2 3 % 05 i 15 2 /
Kfn- projection " T~ projection
 E83 , =)
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/; N SCS Decay fractions and phases \
: . First Dalitz + ++.- | NR — 1844 %  (34+7)
- } analysis S —Kn'n

| K*(892) =22+3 %  (163+7)°
150/ A + — +
o) Yield D" =468 +29 K*(1410) = 1445 %  (-10+7)°
+ =
L SINDS* =24 K* (1430) = 1446 %  (68+7)°
. p(770) = 40+4 % (O fixed)
= reliminary f2(1270) = 2 + 1 % (33 + 21) ©
215 e = p(1450) = 842 % (219+14)°
SN
mzzrir 2 / .’.- - _:.-\ 30 Im 25 ‘
1.75 Poee :','._.\.
15 I.'-f‘_:f 2 ‘ \ 2 20
[t ) o i
1.25 h . 20 -
L 15
1 |""" L \ 15 ’
of . 2 "’\\ 5 }[ ’ |
0.25 ;'-.:ﬁ:- : - ) S m }l II
pd L - L ]
< : 0% i 2 3 09 0.5 i (15 3
\ b ° ’ 37’712,(,, K" 1t ~ projection 7" 1~ projection /
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D,, D" —>KKr
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1750
D' D’
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+ + = ot
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m K 250 )
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2 My - -
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Interference term

2Re |(cosd +isind)”

coS O

a 2 __ =
m: — mi.. — tI'm,
(m2 —m3.) cos Ok i cos d ' M, cos 5k sin &
(mQ o mK?T) + F2m2 (TTLQ o mK';r) + szg
> 2 “ ZF
ig 18 & Re!ahve!yﬂﬁea! % 18 & Reliatively I:]nagmary
g‘i 16 B (6= 107 @ 16 (5= 90"
T RPN
§ 5 E 5
12 12
= T &
0.8 : 0.8
C L™+ -1 C I ™+ - !
o | w 06 - | i
04 [ : I 0.4 : I
- i | - | |
02 & cosbrm ' -1 0.2 B ¢ costr -1
ﬂ_||IIII|IIII|IIII|IIII|I ﬂ_I|IIII|IIII|IIII|IIII|I
1 1.5 2 25 3 1 1.5 2 25 3
mz, . (GeVic'Y mi, . (GeV/ic’Y
5831 I\;Il:l:": li I .
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Decay Fraction and phases

~

Yield D™ =7106 £92 K*(892) =20.7+1.0 % (O fixed)
S/N D' = 8.62 0(1020) =27.8+0.7 %  (243.1£5.2)°
K*(1410) =10.7£19 % (-47.4+4.9)°
Preliminary K (1430) =66.5+6.0 %  (61.8+3.8)°
£(1370) = 7.0+1.1 % (60.0+£5.3)°
a,(980) =27.0+4.8 % (145.6+4.3)°
R £,(1270) = 08+02 % (11.6+7.0)°
o 0(1680) = 1.6+04 % (-743+7.5)°
K" K ~projection K~ 1t *projection
- Esg Sandra Malvezzi - Charm Meson )
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CP violation
For a two amplitude decay
Aggr = 2 M€ + g, M,e'®
= CPeonjugate & = strong phase

— P M. eldl + o*M_eid
A = £1M,” + 5yMpet

CP asymmetry:

- |At0t|2' |A—tot|2 . 21m(g2 gl*) Sile

[Aor+ [A el lg,[*M,*+|g,|*M,>+2Re(g, gl*)\ios(Sl-Sz)Mle
* i

\ 2 different amplitudes strong phase-shift /
. .' E&; Sandra Malvezzi - Charm Meson lN;? 12
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CP violation:Dalitz analysis

Dalitz plot = FULL OBSERVATION of the decay
=

COEFFICIENTS and PHASES for each amplitude

Measured phase: 0= ? + (l)

CP conserving CP violating
. = . =

5 ¢=-¢

o

CP conjugate

B 0=56-¢
E831 = Measure of direct CP violation: ~ 2p=0.006+0.011+0.005
\ asymmetrys in decay rates of D> KIK /
' E&; Sandra Malvezzi - Charm Meson "N;? 13
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1.4 22
135 | 21
1.3 |
125 | 2
12 | + 19
1.15 # + 1.8
116; i 17
i 1.6
095 | 1.5
09 —=—) 14
Phi_1020
260
255 | 75
250 | 70
245 | 65
240 | 60
235 | 55
230 | 50
225 | 45
0"t 4
FPhi_1020

K-matrix approach to improve the quality of the analysis

|

|

0"+ 4
KO _1430

D™/D- split sample analysis

1.6
1.5
14
1.3
1.2
1.1

1
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i
f
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FKO_1430
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a0_980
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|

|

0i‘+—

Fa0_980

Coefficients: D*, D, D-

1 0.4 ¢ 0.8 0.5
0693 - 0.35 | 0.75 | 0;‘2
0.85 | 0.3 | + 0.7 1 0.35
08 | 0.25 | 0.65 | 03
0.75 | 02 | ¢ 0.6 | 0.25
00;5/ - 0.15 | + 0.55 | 001-2
06 | 01 ¢ 0.5 1 0.1
0.55 | 0.05 0.45 |- 0.05
05 by 0T, 04 e 0

K1_1410 2_1270 f0_1370
Phases: D% D*, D-

40 | 30 | 80 1
a5 | E + 75 |

45 | 20 F 70 |
475 | 10 % 65 |

50 B - 60 %

525 | 5 5 |

5752 3 10 | 50 |

60 | 20 | 51
0" 4 0 7 4 077 4
FK1_1410 Ff2_1270 Ff0_1370

-60 |
65 |
70 |
as |
80 f |9
85 |
90 |
-95 0 T+-g

~

Preliminary!

N

0 ' 4

7 No evidence of CPV

FPhi_1680

/

E831

Sandra Malvezzi - Charm Meson

Results in Focus

iy /—)
INON
(%



D\

lllIIIlIlIIIIIIIIIIII
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ol | PEE
m - =
e
| ¥
O
oL
m - -
2000 Right Slgn B
Wrong Sign |
backgrounds
L0 = are pretty —
small

0.8 1.0 1.2 14

§RSWS §

|

charm bkg:

Data
Fit

0.9 08 0.9

M. (GeVic?)
...but a funny thing happened when we tried to measure the form factor ratios

i i [
1.0 1.1 1.2

New results on D" — Kzuv

'Il|11ll|lI1IIIIIIIIIIII1III‘
WS-subtracted

Our K spectrum looks
like 100% K*(892)

This has been
known for about

20 years

\

/

by fitting the angular distributions
. . 5831 SEoume m
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A 4-body decays requires \

4000 ' i o ] 5 kinematics variables: 3 angles

[ Yield data | and 2 masses M = qz — ¢
w

3000 _ 31,254

/ An unexpected asymmetry in the K* decay

2
=]
I

RS—WS events / 10 MeV/c®
o
3
=]
|

0.2 1.1

M(En), GeV/c®

£o<:1+Otcos2 0,
dQ

0.8 < M(Km) < 0.9 GeV/c? 0.9 < M(Kn) < 1.0 GeV/c®

wmofy T R T forward-backward
g HUGE i T asymmetry in
2000 - - z

L asymmetry! 1600 - ) cos 8, below the K*
% o E E] 2 . R
n | . [, e . 5 pole but almost none
1o 2 1000 - k- above the pole
B 1000 g E . ; i

PN T B T, T I I Soundslike

=10 —0.56 0.0 0.5 1.0 =10 ) 0.0 0.5 1.0
\ _ i cam{oy) QM interference /
\,/ a3 , =)
. s Sandra Malvezzi - Charm Meson NEN 16
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Try an interfering spin-0 amplitude

. 2
1+ cosjl_) sin 6, ¢”BH.
cost)sing, &

M[P o (t—m?)|+ ({=cosb)=smby iepy
2\2 u
—sin §,(cos 8, R+ Ae”)H,
_I_ T
V2 _
Ae” will produce P

™\

Phys.Lett.B535,43,2002

(plus mass terms)

3 interference terms m?> — sz + imOF

We simply add a constant amplitude Ae”  in the place where
\the K* couples to an m=0 W+ with amplitude

/

. Ea3

$
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Studies of the acoplanarity-averaged interference \

IIIIIIII T . 9 _is )
T s e 8cosé, sin“ 6, ARe(e “B,.)H
o0on 4 4 K 0
: "' Efficiency Extract this interference term by weighting data by cosé,
£ con| correction is
I : . . .
I e Since all other y—averaged terms in the decay intensity
o are constant or o cos’ 6,
=1.0 =0.5 cﬂ:.ﬂ 0.5 1.0 B 5
o Re(e " B,.)
Our weighted mass distribution.. __looks just like the calculationl
‘:E“ FTT T ; LA B T 7
i 0 : “--——__A__I_ _O‘\ {,}1_ []I
: : ._:_I ‘-"“"-—__
T—lﬂﬁ — e =
7 B
S 200 ]
B : 5
_3{} e — -
fel . Y/ o=9ff
g0k o0 expma)
0.80 0.85 0.80 0.85 1.00 - ;
— 1 iy m. T
M(Km), GeV/c? ' ! 0 /
\_ M,
~_Eex , )
. . s Sandra Malvezzi - Charm Meson INFN 18
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But surely an effect this large must have been
observed before?

_oooof T 4L
0.8 < M(Km) < 0.9 GeV/c” ;'-3_ -
mzsnn—i' e = 3000
S ' ' =
~
— _ ™~
EEEI[J{J i ] P 2000
u [ ] -
2 [ I i |
;1501}— . . B i
O s LI N B B
o4 1000 l——gJ! x . |
@ | | | ] - -
-1.0  -05 0.0 0.5 1.0 o T T T
cos(fy) 0.7 0.8 0.9 1.0 1.1

M(Kn), GeV/c®
Although the interference

significantly distorts the decay ...the interference is nearly
\ intensity.... invisible in the Kn mass plot. /
E831 , )
s Sandra Malvezzi - Charm Meson NEN 19
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r New FOCUS semileptonic BRs A

& Form Factors

(D" - K u'v)

=0.602+0.01(stat) £ 0.021(sys
(D" > K x'rn") (stat) (55)

0.9
Clep 2
E 0.62+0.02
= Cleo 2 ) 0 8 Ve )
X o7 e Our number is 1.59
;'1 0. ZZZZ}ZZZZZZZZZZ‘ZZZZ'Z — % ————1 standard deviation
} L ]
T oslrOcus | Cleo 1 ‘ below CLEO and 2.1
é y E687 standard deviation
' Argus
03 muons EREA electrons above E691

\ All values consistent with their average value with a CL of 19% /

- Es 31 FI\.;-I: I bl /—) 2 0

. .- s Sandra I\R/Iaell:f;i:tzsziir—l ggzlrlr;l Meson INFN
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*0
(D" -> K "w'v) Form Factors hep-ex /0207049

The vector and axial form factors are generally parametrized
by a pole dominance form

4(q°) = 1_;;'(/(])‘)42

M, =25 GeV/c?

V' (0) M, =21 GeV/c

V(g =
(") M

Nominal spectroscopic

Decay intensity (including s-wave amplitude) pole masses

parametrized by

r,=V(0)/A4,0) rn=4,00)/40)  r=A4(0)/4(0)
r, =1.504+0.057+0.039
r, =0.875+£0.049 £ 0.064

5831 .‘-'l‘.i'.::;::l I|-| /—) 2 1

s Sandra Malvezzi - Charm Meson
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Group

I

Vv

Form Factor Ratios

I,

FOCUS
BEATRICE
ET791(e)
ET791(u)
E687
E653
E691

1.504+0.057£0.039

1.45+0.23+0.07
1.90£0.11+0.09
1.84+£0.11+0.09
1.74+£0.27+0.28
2.00+£0.33+0.16
20+£0.6x£0.3

0.875+£0.049£0.064

1.00£0.15+£0.03
0.71£0.08 £0.09
0.75+0.08+0.09
0.78+0.18x0.11
0.82+0.22+0.11
0.0£0.5x£0.2

A=0.330£0.022+0.015 GeV!

0=0.68+0.07+£0.05 rad

Our analysis is the first to include the effects on the acceptance due to changes
in the angular distribution brought about the s-wave interference

~

" Ea3d

SEUS
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4 D' —ou'v

D+S_)¢lu+v D+S—)¢7Z'+

~

hep-ex /0206056

o R ®) Baseline cuts
E i — deta 8ot - — gignal region]
: - Eggﬁghggid Ly ~- gldeband a) 2682 evts
£ oo ol b) 4695 evts
ﬂn.;ﬂ. ] 1.::r|1 1.:13 1.:}1. I..:JE 1.08 D‘}.‘H 1.;1I:I 1.;15 1.;!4 1.:35- i.08
e MUK Ge¥/o® e MEE) Gev/e®
1[”:_ T T T {ch ] i T T T T ) .
. | = @ Baseline, out-of-material.
el — data . - ] . .
E . — =signal regicn ISOIatlon cuts
- Mr -~ M charm 1 s}
-~ [ background - gideband
‘§ o c) 793 evts
i i d) 2192 evts
E.BB 104k 1.;:@ 1.;':-1. 1.:13 118 H.‘B! l.ﬂl:.l ’ -l.élﬂ = m:l..ll:l:ll--"- = 1.I:;I- 108
MIEE) GaV/ef M{KK} GeV/c®
I'(D". > du'v)
" —=0.54£0.033(stat) £ 0.048(sys)
\_[(D", > ¢z") -/
E&21 >
s Sandra Malvezzi - Charm Meson IN;? 23
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30080

20040

100C0

Events /(5 MeVv /™)

iy 10060

g

20000

10060

Events /(5 Mev,/c

Charm Meson Lifetimes
D°,D" Signal

Yield(D") = 139433 £ 520 aj

:\_LJIII|IIII|IIII

1.8

1.5
K" Mass

o
(Gev,/c™)

a
1.7

Yield(D% = 68274 + 360 b)

1.8

1.5

K-t ntn Mass

2
(Gev /™)

Yield(D") = LOD&TT + 385 c)

1.8

1.9

Komtat Mass

2
{GeW /™)

D' 5> Kt
139433 +520 evts

D' S K rtnxt

68274 £360 evts

D" > K o'x"

109877 £385 evts

Events,/{20C f=) Events,/ {200 fg)

Events,/ {200 fs)

10

8] 1 2 3

4

Reduced proper time (ps)

c)

o 1 2 3

4

Reduced proper time (ps)

o 2 4 & g
Reduced proper time (ps)

~

D’,D* Lifetime fits

E&31

$
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r(D°)=409.6+1.1(stat) £1.5(sys)
7(D")=1039.4+4.3(stat) £7.0(sys)

fs
fs

Phys.Lett.B537,192 ,2002

........ difference in the hadronic sector

.
©D) 5 53810023
T(DO)
Exp D’(x107"%s) D" (x107"%5)
E687 0.413+0.004+0.003 1.048+0.015+0.011
CLEOII | 0.4085+0.0041°%% | 1.0336+0.0221°
E791 0.413+0.003+0.004
FOCUS |0.4096+0.0011+0.0015 | 1.0394+0.0043+0.0070
L(D” > eX) BID">eX) (D ) _1.0140.13 D' —eX =(17.2£1.9)%
[(D" —eX) B(D" —eX) T(DO) OCUS D —> eX = (6.87+0.28)%

/

PDG2002

E&31

$
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-

Events/5 MeV/c’

4 D, — ¢ signal

1400
I Eignal |
Region +
1200 | D
&
Sideband
Region
1000
800 -
+
soo[ D
400 -
200 -
0
1.7 1.8 19 2 2.1
2
M(KK) (GeV/c?)

Lifetime 506 £8 fs

\

PDG 2002 49019 fs

5668 + 95 events (50% FOCUS data)

Backgrou nd Subtracted +
Acceptance Corrected Data

Fit T = 0606140 008{stat) ps
Acceptance Corrected Sideband

Corrected Events/50 is

ha
L AT,
] 2 g
ha

5
Reduced Proper Time {ps)

X statistics including K™g

Preliminary
“D) 1234002
7(D")

Theoretical prediction (Bigi Uraltsev)
1.00-1.07 (no WA/WX)

0.8-1.27 (different process interference)

/

SEUS

" Ea3d
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Mixing

» Neutral charm mesons:
[ — —_
D =cu,D =cu

 If H,,,H, #0, they are not

eigenstates.

Ii D“ B Hll le f}”
o\ D’ | \Hy Hy|D

where H;=M;-iT, f 7.
« [f CP 1s conserved,
D, =(D"+D" 2

with mass and lifetime as

AM AL
I 21

D’ - K"K (CP+)—T,
1

D’ —>K—7z+(lcp+&—cp—)
2 2
—->I'(K 7« )z%(l“ldrl“z)
B (D’ = Kr) B

= 1
(D’ = KK)

Yep

M, =M+R[H H, V? = M+1j2AM
gk :r$2S[HI2H2|]W =1 FAl

Vep =(3.424£1.39+0.74)%

Direct comparison of CP final state lifetime

™

/

Phys.Lett.B485,62,2000
. Es3 . o)
: Sandra Malvezzi - Charm Meson 27
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New Mixing Results

(%)

Preliminary 1o
D’ > K'n

x'=xcoso+ysino

y'=ycoso—xsino

strong phase

r. <00012 @ 95% C.L.

only statistical error !

..towards CLEO & a big relative phase

N

12 12 B
. oox
R(t)= e (Rpes +[Rpes 't + 2y ) 5

3 is the relative  » (&

0 + -
-5
D" —>K uv,

1 E791 KTy
B cLEOK'n
1 BOCUS AT
[ ] rocus K'e

FOCUS K+ p-v

95% CL Regions
1 i 1 | i i Il [l | 1

10 15

. E83 ,
- s Sandra Malvezzi - Charm Meson

Results in Focus



-

Conclusion
Charm physics 1s revealing itself a rich source

of new results

FOCUS 1s playing a crucial role in understanding the charm
phenomenology

new suppressed decay modes

decay dynamics of

\

three-body hadronic channels via quasi two-body decays

semileptonic sector
very precise lifetime measurements (will dominate PDG)

/

e D°>K'zm D' —>K'uv
Esg Sandra Malvezzi - Charm Meson o 'H'/-) 29
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