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[ICOB, E691 confirmed the main features: a
supligipn-resonant amplitude and a poor fit.

- F\JJQ,J.- Jound 1987, LASS published K" scattering
r‘—‘__jl‘ S
T@und 1996, Bill Dunwoodie suggested that E7/91

' should do a detailed study of D" ! K" t™ decays
o obtain the scattering amplitude in a model-
Independent way and compare to LASS results.
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SHrthE meanwhiles Er9d foun

dence for
rlQJf]r\,’}'L _wﬂm
£l je gl + | Kot decays.

SIE leadows has now successfully
SOl e eted an E/791 analysis initiated by Bill
==F Inwoodie’s suggestion.
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%,: {I?he paper has been accepted for publication
By Phys. Rev. D.
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non resonant 38.6=+1.4% 150412°
p(7T0)wt  20.8+2.3% 0° (fixed)
£.(980)mt  T.4=4.3% 152-16°
f2(1270)xt  6.3+3.3% 1034160

f.(1370)xt 10.7+7.7% 143+10°
p(1450)7t  22.6+2.1% 46-+15¢

e p(1450) and p(770) next and equally strong.

e Bad fit quality in low mass «* «~ region.
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e o mode dominates the decay - but

N R is small.

e p(1450)7 amplitude becomes negligi-

ble.

M. V. Purohit, Univ.

non resonant 7.8+6.0+2.7% 57+20+6°
p(770)nt 33.6+3.2+2.2% 0° (fixed)

£.(980)x+  6.24+1.3+0.4% 165+11+3
f2(1270)7*  19.4+2.54+0.4% 57+8+3¢

f.(1370) 7+ 2.3+1.5+0.8% 105+18+1-

p(1450)7t  0.7+0.7+0.3% 319+39+11-
omt 46.3+9.0+2.1% 206-+8+5¢

m, = (47872 £ 17) MeV /¢’

I, = (324152 + 21) MeV/c?
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- Dalitz Analysis:

-

B BWElEIndependent RPartial Wave Analysis?

Rty L™~
=l al

~ Comoa'- with Ko * scattering results

— Jr :‘e;comments on related Issues

= + —
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= ’Ummary

1See ArXiv:hep-ex/0507099 — E791 collaboration & W.M. Dunwoodie - accepted by Phys. Rev. D.
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aditional” Dalitz Plot Analyses:

S ERISOa model”, with Breit\Wigner: resé'ﬁan?g:n_s:, nas been
WIGEIYAUSED I studying| 3-13edy/ decays of heavy: guark mesens.

< <<

- r\mo ude fier channel {ij}:

{23}

are 1'11011‘1ent.a. in 27 rest fl ame
meson radii
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non resonant! 90.0+ 2.6%  (r (fixed)
K*(890)7t 13.8£0.5%  54-+2¢ -
K*(1430)7" 30.6+1.6% 1092
| K:(1430)7* 0.4£01%  3348¢
7 K;(1680)7r" 35.2x5.5%  66+3¢
~ Total ~138 %

Flat “NR” term does not give
good description of data.

M. V. Purohit, Univ. of S. Carolina




non resonant {_13.0+=5.84+2.6% /34941448
"t 47.8+12.1+3.7% 187+84+17¢ -

l'u'i'.‘

K*(890)n*  12.3+1.04+0.9% 0° (fixed)

b T { K*(1430)7t  12.5+1.440.4% A48+7+10°
o K}(1430)7rt  0.5%0.1%0.2% 306=+=8=+6°)
K:(1680)rt  2.5+0.7+0.2% 28+13+15)

Total ~89 %

v2/d.o.f. = 0.73
(CERZ)

Probability

M_= 797 § 19 § 42 MeV/c?
I' = 4108 43§ 85 MeV/c?

K

E. Aitala, et al, PRL 89 121801 (2002)
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AE mor Is Off hadren scattering other than a
SUr O *Breit-Wigner terms a better way to
rrea he S-wave!

= We demded to measure the S-wave phase
: (and magnitude) rather than use any model
for It.

1S. Gardner, U. Meissner, Phys. Rev. D65, 094004 (2002), J. Oller, Phys. Rev. D71,
054030 (2005)

e
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sealVledel-Dependent

Prominent: features:
KB 92) hands domimeate
—  Asymmetry in K*(892) bands

NRtererencewithrlange: s=wave
COMPBNENL

e Also:
— Structure at » 1430 MeV/c? mostly
K,"(1430)
— Some K,*(1420)? or K,*(1410)??
— Perhaps some K,"(1680)?

e SO

At least the K*(892) can act as
interferometer for S—wave

Other resonances can fill in gaps too.

M. V. Purohit, Univ. of S. Carolina

Alneterization of Dalitz Plot
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eﬂmépendent
Hama /averAnalysis —-«-B""" —

RV ERENIaltial-Wave expansion of decay amplitide

R

ReieuarmementimrC e produced K™ system

sirx) X F2(q,7p) X (—2pq)*Pr(cos 0)

== L(SKTC) describes scattering of produced Kz*

— Related to amplitudes T, (Sy..) measured by LASS

M. V. Purohit, Univ. of S. Carolina




Viede=ndependent
e\ ave ARaly/sis s

> Deilge SWwave amplitude at discreterpoints s, =s. Interpolate elsewhere.
. ‘.._ _ . ‘.._ _ ) 1"7_
S(s;) = Cols;) = cze’V

-

EENPEdDEWaVEs! ane defined by known K™ resonances

P(skn) = Ci(skn)
Fi(pyrs) [BWeoo(sxn) + dresoe’®*® BW,g50(55r)
A D(skx) Cz(skn)

— d14306?"§1430FR(p§ rr) BW 00(SKx)
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L

> Ur=oirinieel s E -Imum likelihood fit:

— Uge LC cj, yj) points for S
__— Floz méomplex coefficients of K*(1680) and K, (1430)

e

F_ﬂ esonances
e aleTeters (d qgq, 01650) ANd (1430, 01430)

-

=

40 x 2 +4 = 84 free parameters.

M. V. Purohit, Univ. of S. Carolina




Phase

Op(s) (deg.)

() (deg.)

3 S and' P fixed from
- ISebar model fit with

(S)

o5

- The method works.

M. V. Purohit, Univ. of S. Carolina

Magnitude

—

[C,(s)l (GeVich)?

[Cys)| (GeVich)?




ow' P and'D
'ers to, float
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0g(s) (deg)

53
=3
o
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o

0,(s) (deg.)

o

0,(s) (deg.)

o

1

Tl RS i
1.25 15

Kr Mass (GeV/c?)

Carolina

IC,(s) (GeVic™)*? ICo(s) (GeVic?)?

IC,(s)| (GeV/c?)?

o
R ARRARAE RERRS ~ENS mnsnus
H 1 — -




—
soipanson with Data — Mass

PIStibutions

Gev/ff
g §
I I

Events/0.04 (
§
-+

8

MZ(K'm:) (Gev/cz)zz N;Z{K'n*) ?Gev/cz)sz o'on;(fft)";zeev/cz);s XZ/ NDF = 272/277 (48%)

Normalized residuals
R=(n-n_ ) /~Nn4+n,

i B T | | B
1.25 1.5 1.75 2

Smaller MP(K=*) (Gev/c?f

M. V. Purohit, Univ. of S. Carolina




ainTSYstematic Uncertalnty

I —
15K events, w——
-ions N P and D- S-wave Amplitudes:
Phase Magnitude

[Cy(s) (GeVre?)y?

= : (ﬁrst jew shiown here)

e Spolutions similar to those
observed In data are | . i )
CO m m O n " 75 1 25 1. 0.75 1 ;z; 15

Kn Mass (GeV/c?) Kn Mass (GeV/c?)

M. V. Purohit, Univ. of S. Carolina




Anether'selution?

Magnitude

0,(s) (deg.)
IC(s)| (GeVic?)?

=
L
a
= e | =
-

0,(s) (deg.)
IC,(s)| (GeVic?)?

E"_--'_---a-—"'
a

= Violates the
Wigner causality
condition. ESEEEE

E=E. Wigner, PhyS Rev. 98, 145 (1955) ) 075 1 125 18 : ; 1 125 15

Kx Mass (GeV/c?) Kr Mass (GeV/c?)

O
0,(s) (deg.)

IC,(s)| (GeVic?)?

o
2 PR T
-2 ==
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Cor parson witn Komo* S.cgu@rlug__
LASS) -

SNEPNIs related to Kr scattering
amplitude T (Sy.,) :  roductor

factor for Krt
system

Oo(skr) x T(skr)

eV (sxm) =2l ginly(sgx) — Vo]

® |n elastic scattering K'z* | K'z™ the
amplitude Is unitary

K.M. Watson, Phys. Rev. 88, 1163 (1952)
M. V. Purohit, Univ. of S. Carolina




o PS= P-and D-waves
pared With -
rements from LASS,

| [ y ~/ 7]
U\V‘. c ." e S

ed by —75° wrt LASS.

¢S Energy dependence

"Bryave phase does not
~mateh well above K*(892)

s | ower arrow Is at Kntre
threshold

* Upper arrow at effective
limit of elastic scattering
observed by LASS.

bdiifers below 1100 MeV/c?.

0o(s) (deg.)

i
o
1]

©

—

—_—

<
<

0,(s) (deg.)

M. V. Purohit, Univ. of S. Carolina

Watscaﬂ'ir-heorem - a direct test
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Elastlc limit Kn’




Natson Theorem Enforcedion oo
S \ Ve - 2°°§ (@) o

> 100 Tl s

SN QQQC it can e - DENIIECEN 9N & 4 | P Elastic limit
solISUAINing the shape of the S- Wl o

SRR (1454 \Me\//c2)
0.6 0.8 1 1.2 1.4 1.6

WEWENINESE: to agree with' that s Mass (Govic

oM scattering. )

g BVVEVETS ?
= S-wave phase ¢ for E791 - -
;-ff" — still shifted by —75° wrt LASS. JEW N

— ¢, match is even worse
above K*(892) D

— ¢y phase also shifts. ’

M. V. Purohit, Univ. of S. Carolina




+ ,—+ — A
s (I=2)WVSs. K S-Wave?
SO ZsEimplitude; A.,to best isobar model fit. Anpeancementis
Aishighrmass. (Fiticltdes a i« 1sebar):

[ A= a,8% sind,(s) e'%209 ]
a,e*2 -> Excellent fit

Kappa_i2 -in L=-72148, y"/nd! = 604.8/598, prob.=" 41.51°

- o
w in o

Channel Fraction | Amplitude Phase

% (degrees)
NR | 27.4 + 8.6 1.58 + 0.3 1.1 £ 7.5
Kkt 32.2 + 12.7 1.53 £ 0.3 | 174.6 + 11.8

K} (1430)xt 13.7 £ 17| 0.58 £0.1 50.2 + 6.4

¥

@ i

T 0ls) (deg.)

88 8 . & B
ICyfs) (Gevich)?

z

"% .Data

| -Data
\— Fit

\ it K*(890)r+ | 12.2 + 1.0 | 1.00 (fixed) | 0.0 (fixed)
;i K:(1688)n+ | 27+ 0.6 2.36 + 0.4 | 26.8 + 8.3
K3(1420)n+ | 0.5 + 0.2 ’ 5.79 + 0.8 | -47.4 + 9.8
I=2: g = g =

0.7 + 0.7 | 1.1440.61 | 120.2 +27.7

g

m 38 » 8 o B

Events/0.04 (Gev/c’)’

Events/0.04 Gev/c’
- B B B & BB E B OB

=]
@

=
w
e
=

IC,(s)l (GeVic?)?

e

- 8 & 8§ B

a

0.5 1 15 2 1 2 3
Smaller MP(K=*) Larger MP(Kr*)

05(s) (deg.)
¢ o 8 & o

IC(s)l (GeVic?)

e S-wave K-+ dominates
over 1=2

e K-n* amplitudes and “isobar”
parameters virtually unchanged

Bins / unit pull

Larger M°(K*)

" Pull = (nyn ) Nnpny |

__ smater M) M. V. Purohit, Univ. of S. Carolina




SUummany. J—

ANIEVWALECTINIgUE fier analyzing the ampl cribIng a Dalitz

pIetEIsHbution is used in D decays to K"

Could grovidegdelgligelggeniclaatiggeesiifagleisioiige i
seipIEYScImplitude of the Kiz™ S-wave system, provided a good
IEUEINGIRINE P= and D-waves Is used.

NEWAHEZSUEmMENts for invariant masses below 825 MeV/c?,
sEVViIRiorthreshold, are presented.

- J\Jo *lnformatlon on k(800) from sample this size

SSEie Watson theorem does not work well with D*1 K-r*
-'*élécays (or there Is an 1=3/2 admixture).

- |=2 component not needed by fit.

e’ Better parameterization of P-wave Is heeded: perhaps the B-
factories can do a model-independent measurement of S, P and
D waves using their high-statistics data.

M. V. Purohit, Univ. of S. Carolina




Extra Slides
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Viererentitie \Watson theorem

NENWERIYPOUIESIS IS thateulE Kz amplitudeNsrigersame as that 1n
Gseabenng. This Is suppesedte work In the elastic scattering
egime...

NEVWEVEIRWE are limited by

== Scatterlng has a nucleon
— \Watson states in his paper that the theorem only applies for low mass

s Also, we don’t want a spectator, but there is a symmetrization
reguirement! How do we factorize the amplitude:

M. V. Purohit, Univ. of S. Carolina




e EEatie appreach —
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> Most feeeiplily cﬁ‘am;g@Led 0)Y Fﬂ@l!?-

SEIVESIAS 0ol result as Iseanr fit with ik (CL =
YL GNVSE T S0 o ISopar it Without a «,
SRSEE Edera’s talk, Daphne '04).
RES[IEC s Unitarity in Kz scattering, but is this
EJSF tite 1n D decays?

= = ﬂher the K-matrix also requires an ad-hoc
bar'ameterlzatlon of the non-resonant amplitude.

» Does this mean that the conclusion from the K-
matrix work (no broad new scalars are required)
IS correct?

M. V. Purohit, Univ. of S. Carolina




i SCALEHNG

SNYBEINTOnMation onske” scattering COMES
oI ie. LASS experiment SLAC, E135)

=S E

No data from E135 below 825 MeV/c?

a——

LASS K pi 5 wave Amplitude

A= e ﬁ? / Data from:
" Kp! Kn*n
' and
Kp! Koz p
_____ NPB 296, 493 (1988)

1.25 1.50
Mass[K pi] GeV

' ) J .
Parametrize sin(0g + 0p)e’On ) a — scattering length
s-wave (1=1/2) otdp = maszol1as0(p)/(Migso — S, b — effective range
by ot §, 1/ay /2D + by /20 p — momentum in CM

M. V. Purohit, Univ. of S. Carolina




K= phoge shifrg Bl o Bw [0,A91 0 0%0)

&3 corresponding te ib)

Ty = 1Emb _Ft+-
using K a only -y "dawn + (B0 "

H. Bingham, et al,
NP B41, 1-34 (1972) P. Estabrooks, et a/., NP B133, 490 (1978)

M. V. Purohit, Univ. of S. Carolina




ghin Heavy:Quark Decayss

owledge of the S-wave Kisystel
OW' mass region; isreiivital interest toian

" T - \ -f
umders_r.e,rc IOpGTLiE SPECOSCOPY.0T scalarmesons.

INIEyAE pessible torlearn more from the large amounts
Of clzitel -‘,E Drand B decays now becoming available.

IBE C']opllcablllty of the Watson theorem can also be
liel\

e P - _—';".——
— —

it - _.r"

e

”'-_"_-- E791 IS flrst to use, in this report, a Model-Independent
- Partial Wave Analysis of the S-wave in these decays to

mvestlgate these Issues.

'I.

M. V. Purohit, Univ. of S. Carolina




metry in K<(892)

HElCIRy angle O in K&
SYSUEIN

0.8

|
ol
“
|
|
I

= 0.

-0.

[
|
|
[
04
I

0 20 40 60 80 100 120 140
:j

N(cosf > 0) — N(cosf < 0) = B imeLol oS ok
N(cos@ > 0) + N(cosf < 0)

LASS finds a=0 when ¢g,,» 135*

0 when ¢p — pg = 90° I ¢p - O IS -75° relative to
elastic scattering

M. V. Purohit, Univ. of S. Carolina




qﬁ‘s’"ﬁ

o 8

Weighted Events/25 MeV/c?
R
8

. I} o
T‘r—J,-,vllIII]JJlllll[J]lIIJ JJllIJJlJ[lIlJ‘]‘JJJ-llIlJ p

-

0.75 1 1.25 1.5 1.75 0.75 1 1.25 1.5 1.75

+m |Lh|}‘_r{.|{-b+’_‘+‘;+uj|
J[lIIIJJJllllllllll‘“‘r‘ JJllIJJlJ[lIl}J-IJJllIlJ

0.75 1.25 1.5 1.75 0.75 17 1.25 1.5 1.75

t < y} *E[H‘ < ‘>
ﬂmﬁf‘*ﬁ

» Mean values of Y, °(cos 6)
» Exclude K*(890) in K'r,*

M. V. Purohit, Univ. of S. Carolina




A~

P |S(3KW)F103‘

V/$Kx Sin|[y(sxx) — Yo

-~ & Value for v, found by minimizing

T (S

j=1

M. V. Purohit, Univ. of S. Carolina
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MOBUCTION of K7™ SyStems

-

w .

J b}
Jated at each s,
2, using measured
here.

[Tol/sin (y-y,)
[~]
=]

1 125 15
m (GeWcz)

"---4 -Roughly constant up
" o about 1.250 GeV/c?

_..——

9
—
2
=
D
L
=)
£
£
n
oY)
T
5
Qo
¢
)
s

Constant = 0.748 0.01
(GeV/c?)>.

1.2
m,* (GeV/c?)
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