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The Amplitude Analysis in Charm Decays

® -3-body decays: Dalitz plot fit deals directly with the
physical amplitudes on the (only) two independent
dynamical variables (e.g. s12, s13)

» very sensitive to the interfering processes i 23

» Isobar Model for individual amplitudes, with Zemach
Formalism

A@‘: FDXFRZ- X M{ xX BW,;

« All contributions added coherently for the total am-
plitude:

A — (Iafn/r«ezan?’z —l" Z G,J 625:’&4"7
| J

« The phases 6; accomodate Final State Interactions
(FSI) allowed in 3-body D decays.
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'E791 DALITZ PLOT ANALYSES

MEASUREMENTS OF MASSES AND WIDTHS OF
SCALAR STATES

=3 DY — m~ Tt . masses and widths for
| Jo(980) and f,(1370)
PRL 86, 765 (2001)

= DT — 7~ txt . evidence for the o
-mass and width measured
PRL 86, 770 (2001)

23> DT — K~ wtat . evidence for the k.
mass and width measured
PRL 89, 121801 (2002)
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Measurement of f; masses and widths
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e Coupled channel Breit-Wigner for f;,(980):

g- = 0.09 4 0.01 £+ 0.01
gr = 0.02 £+ 0.04 4+ 0.03 = small couplmg to KK

® f0(980) appears narrow: Ty ~ 45 MeV

® f0(1370): mo = (1434 £ 18 £ 9) MeV
To = (172 & 32 - 6) MeV

e scalars give the main contrlbutlon to the decay
(over 90%)
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Dt — gt

Evidence for a light, broad o

Without o
180 -
180 &
140 |
o 120
N M
-~ F eR0s .« - ICID:
& [ eso0O0 a0 |
¥ L 0OoO0s sa [
Wa2s oo o - E
:.Dunn ..... 40
Emj-I- I o
loOgo « « + @« =2 = a s 20
2 IeOaca s+ a8 » + 8+ 4 1 o
L = o
o [da ¢+ 2 =« = 2 = & « ooa -
~+ DoQR -Aen -« - aao
15 " onoaas adf00a s & «=
[ coansoa Oogae
e D o v « = @ -] OO = as = a -
[~ oo oaJeogd[Jo« -~ = «
! FOOcODOODoOMoe =« « aa -«
Go000a aJrd a0+ = &« aa
AOQ :Dnu ----------- g . .
F Clo OO0 =008 03 s s a no0o
as i sen|l|l0l0Q @ »o@ao a0« ocoaoQ0QnD
-af0a0vecsecmaomn opO0oaa .
|: «J0eDes - ogdo0oc0f]00a a -
o I S WL = NP I
a a5 1 1.5 2 25 3

1,,(GeV?/c*)

e In the fit without o the non-resonant contribution
is dominant (~ 40%), with a bad fit quality

@ Including o the fit quality is good, and on™ is
responsible for 50 % of the decay rate

Standard Breit-Wigner parametrization:

My = 478722 + 17 MeV/c?
'y = 32473 £ 21 MeV/c?
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Dt 5> K—ntrnt

Evidence for a light, broad K

Model A Model C
(No K) (With R)

m KT |E (6)

MK )

05 1 15 z 25 3
mys (GeV/c™)

2 30
{Gev/c?)?

e In Model A the NR contribution is dominant
(~ 90%, unusual in D), with a bad fit quality

e Including x in Model C, the fit quality is much
superior, sk has 50 % of the decay rate

Breit-Wigner parametrizations:

M, =797+ 191+ 43 MeV
I'n =410 &= 43 £ 87 MeV

MKE(1430) = 1459+ 7+ 6 MeV
FK3(1430) = 175+ 12 £+ 12 MeV
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Main Conclusions on o and  from E791

* Thelr inclusion improves very much the descrlptlon
of the decays considered

* The NR level becomes consistent with other
3-body D decays

* Vector, tensor or “toy model” hypotheses do not
describe the data as well as the scalar hypothesis

* For DT — K~ntwt a number os studies were
done to check whether different shapes for the NR
decay could explain the data

Can the data from these decays give extra
information on the phase behavior for the scalar
amplitudes?

=> Phase Motion in DT — 7+t

=> Additional studies from D+ — K—ntxt

Preliminary, unpublished studies with E791 Data

We acknowledge the E7§1 Collaboration
for the use of the data
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Phase Motion in DT — s~ xtxt

E791 finds evidence for a o at low 77 mass using a
standard Breit-Wigner parametrization

Can the phase motion of such state be measured
without assuming the Breit-Wigner shape?

Amplitude Difference Bediaga & Miranda
Method (AD) : Phys. Lett. B 550, 135 (2002)
Main ldea:

Measure the phase motion of an under study state in
813 through its interference with a well stablished
resonance in the crossed channel s,
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CASE UNDER STUDY: Effect of o on f,(1270)

® f2(1270)7* has large decay
fraction (~ 20%)

¢ f2 mass is at node of p in the
crossed channel

® f> is broad — wide interfer-
ence range

= f2(1270) appearing at s,
=- complex amplitude to be studied at 813

-«4(812, 813) = ay, Bng(Slz) Mf2(3125 813) +
aa_ Sin 6(8]_3) 81(5(313)+7)

The s15> projection for f2(1270)  (by fast MC)

o[ | ~ find meg for which the number of
events are the same in both windows
My = 1.535GeV?, € = 0.24GeV?

e e —i—
Jrgpee Mg ds1z = [T |4, 12dsy,

Meff—€

13 4 15 18

& 8
TR Moss squdte 16 D=2 A fost—MC evenls

10
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Study the difference:

Meff—€ Meff

CAJIAP = [ | APdsy — [T A)2d sy,

in slices of s;5

After some algebra one gets:

A []|A|* ~ Csin (20(s13) + v) — sin~] My, (813)

> My, (s13) is a known function and can be
deconvoluted. Define :

F(s13) = A[]A]*/ My, (s13)

> Any departure of F(s;3) from a constant is
indication of phase variation (v is constant)

e slow phase variation — slowly varying F(s;13)

11

* resonance behavior should produce zero, maximum,

minimum values of F(s;3)
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FROM E791 DATA

N o
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F(s13) Plot
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*x JF starts at ~ 0, ends at ~ 0

* Significant difference between maximum and
minimum values at s;3 ~ 0.3

Consistency  §(s;3) crescent, continuous
considerations :  starting from ~ (°

Thus, between maximum and minimum:

A(26 +v) ~180° — AJ ~ 90°

13
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How to get the Phase Motion

Conditions of maximum and minimum

Fumax > Sin (25(813) -+ ’7) =1

Fmin <> sin(260(s13) +v) = —1

By replacing in the equation for F
C= (-7'-max"""‘-IF'lrmin)/2

. (j:min + Fmax)
~ = arcsin
’ min J:max
And
1] (1 _
5(313) =, |aresin (6—.7:(813) + sin 7) — 7}
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(5(813) Plot

80

180° from threshold to
! about m,, = 0.9GeV

| _FFH‘ ++  shows phase variation ~

sin? 6(s13) Plot

A J( Mar ~ 0.55GeV
=F . I‘ﬂ-ﬂ- ~ 0.4GeV

uuuuuuu

Model-independent measurement of the PHASE
MOTION at low 77t mass is totally compatible with
E791 published results on a light, broad o state
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Further Studies with DT — K~ ntx™t

Is it possible to get a hint of the phase motion due to
the K state in D™ — K- wtwt ?

cos 8, distribution around

Ochs & Minkowski K*(890) to provide indication

hep-ph/0209225 of interference with the
crossed channel

(Gev/c?)*

strong asymmetry of
K*(890) is evident

s 1 4 4 ;¢
25
g (Gev/c)?

From E791 published results: Asymmetry is due to
interference with

— a dominant‘NR component in “Model A”
— a broad, light < in “Model C”

Can this interference indicate the phase motion of
the k near the K*(890) ?
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An lllustration: K pure Breit-Wigner phase

1

m2 — m2, — im,.I'(mq2)

BW, =

. - Fg(p*)? p*
Wlth F(mlg) == Fﬁ(f*o))zf*ogfzrﬂ

E791 central values:

m, = 797 MeV
', = 410 MeV
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K Mass (GeV)

main phase variation
occurs at low mass
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Difficulties:

e K* and K both present at low mass

A phase vériation due to x appears in both s;5 and s;3
(symmetrization)

e the region 0.8GeV < /513 < 1.0GeV (K*)
excludes /3513 < 0.95GeV

— Above K mass:
misses its main phase variation in the crossed channel

Exercise Plots:

* cos Oy as a function of m»

* Asymmetry of < cos Oy > in mq»

it (3)

8
O AN /(“1- K™ ()
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cos 0y Plots
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Asymmetry Plot
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=> In the region 0.8 — 1.0 GeV it is not possible to
distinguish between the two models

Reasonable, since above 1 GeV (in the crossed
channel) the k phase rises very slowly

FOCUS result on D™ — K—ntpuTv :

Phys. Lett

RS-¥S events x cos(fy) / 10 MeV/c®

(a)

| I EETRPRE |

0.85 0.80 0.95

M(Kn), GeV/c?

.00

. B 535, 43 (2002)

Needs an S-wave com-
ponent (either NR or

broad scalar) interfering

with K*
=>No contradiction with
E791 results
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Another Exercise

Can the LASS results for their K7 S-wave describe
our data?

= What do we get by imposing thé phase motion
measured by LASS?

First Step: Translate scattering to production
amplitude
Ochs & Minkowski, private communication

1
A - * A *
S aNRp* (cot g — 1) + G K*(1430) A K*(1430)€

i¢

with an effective range form

cot 6NR =

a p* 5

- (}5= 25NR -
LASS a=219GeV™', b=3.74GeV!
results MK*(1430) = 1435 MeV
FK*(1430) — 279 MeV
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1st Fit :

e Fix LASS parameters: a, b, Mg+ (1430) T ke*(1430)
e Fix relative phase ¢ = 26np

= Very bad fit quality (x*/v = 4.2)
even worse than Model A
(no k, constant NR, free relative phase to K;(1430))

2nd Fit :

e Fix LASS parameters: a, b, Mg+ (1430)s T x*(1430)
® Do not fix relative phase

= Bad fit quality (x?/v = 3.1)
comparable but still worse than Model A

3rd Fit :

e Release all parameters

a = 2.48 £+ 0.29GeV ™! e
b= —2.23=+0.18GeV™!
M+ (1430) = 1460 £ 7TMeV  “F
Txr(raso) = 150 £ 11MeV .|
Fit is good (x?/v = 1) but =}
Model C is better 210%

l Somples
‘ Koppa, Model C

TN BT S - e—Y i
-8 -60 -40 -20 0

Afen

NP I I .~ W I
20 4 60 &80 100
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5 A
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Comparison of 3rd Fit to LASS

| Solid i a=2.48b=—223(Fit 3)
Dashed ! a = 2.19, h = 3.74 (LASS)

Phase

100 —

K7 Mass (GeV)

* We cannot impose LASS parameters to

DT — K—nvn™ decay, especially the constraint on
the relative phase NR/K;(1430)

* Forcing the effective range parametrization, data
asks for a crescent phase variation for the “NR",
much more pronounced than LASS.

* It is very important to keep the phases of the
different scalar contributions (NR, «, K}(1430)) as
free parameters to accomodate FSI
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Conclusions

x Fermilab E791 studied the resonant contributions
to the decays D} — nntnt , DY — n-awtnt
and DT — K- wtxt , focusing on the scalars

The data clearly favors the existence of
o (500)
x(800)

parametrized as Breit-Wigners in the fit

x In DT — 7w Tw™ an Amplitude Difference
method was applied to measure the phase motion of
the scalar amplitude at low mass through its
interference with f5(1270)

Results are consistent with E791
on the existence of a light, broad o
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x In DT — K—#xt#xt a number of further exercises
was made

— difficulty for measuring the phase motion of the
in the K*(890) mass region. No sensibility there.

— the cos Oy plots do confirm the effect at low
mass, where the phase motion
of a k is much more evident.

— the phase motion measured by LASS do not
explain our data

K= FROM D+ DECAY AND
FROM ELASTIC SCATTERING DIFFER

FURTHER CONFIRMATION/INFORMATION FOR
o AND K ARE NEEDED
preferrably from different sources

Frorﬁ D Decays:

Large statitical samples coming from
FOCUS, BaBar, BELLE, CLEO-C





