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What are you going to hear now?

S-P wave shift?

How has this phase shift been measured
s until now

Some aspects of these measurements

My analysis:
BaBar
Signal selection

How do I extract the S-P wave phase with a
semileptonic decay channel

What do I see ( for the moment)
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S-P wave phase shift

What is the Kn S-wave is still an op“en_ quéétion

i k(800)? NR?

1430

The understanding of the origin of S waves in Knt

systems is important because Knt final states appear

in several analyses in B and D decays
extB—oKnn

It allows the measurement of S-wave scattering
lengths

Important test of yPT

Jodo Costa, 15 Mai 2007, Frascati spring school 3



How has the S-wave phase been studied
until now

e 3 types of experiment have been used:
- Dalitz D*->K n* n*, (E791)

b —)<<$— cllEs

3 1 3

- Scattering K'n* (LASS)

K p—>K n'n

- Semileptonic decays of D* (FOCUS,CLEO-C)

Jodo Costa, 15 Mai 2007, Frascati spring school 4



Some aspects of these measurements

e LASS: Most information of ¢ Dalitz:
K7 comes from this exp. Large statistics
No data at low energies measurements at
2
(my, >0.825 GeV/c?) low my_values
LASS K pi S wave Phase Their best fit to data includes a
‘0\‘2’ VT T T T
A\ \&@-_ ', - k(800) resonance
\(’\“ L 1=3/2 3 1
“\ - I1=1/2m= 1.435 gam= 0.279 .
A \ H —
03“ 100 (— - 450 E
o - @
++ : 50 ; é;i‘f! $
 — - = C % i
il.l;'[;l | 0 — x Wt + o E o ? ’ ”@ﬁh@ﬁﬁ% ‘:; $#
i ] = _s0 ; /g;@” :H“ '::f .
L 4 -100 jr—? ! L::I
i S I P DU DU B e ‘
[0,'?5I - I1.(}0I - I1.25I - I1.5(}I - Il,'?5I - I2.00 200 é
Mass[K pi] GeV B |é._|75II ‘ “‘l I I1.‘25H I I1|.5I

K Mass (GeV/cz)
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Some aspects of these measurements

e FOCUS/CLEO-C:
Only hadrons are K,n
Sensitive to the interference between S-wave and P-wave

i

at low invariant mass values

4 body decay < 5 independent variables:
K= invariant mass (my,), g3 3 angles:

- !

FOCUS has around 18000 events
CLEO-C has 2800 events

Jodo Costa, 15 Mai 2007, Frascati spring school



Some aspects of these measurements

(1 4 cos &) sin Gve™ By H,

d°T
o O — — . o .
dmpg. dg® dcosfy dcosfy dy x K¢’ (1 — cosély)sinfye ™ BywH_

— 2 sin t(cos yByeo 0

0.8 < M{Kn) < 0.9 GeV/c*
A L L L
o2 2o [ E 7] e
= [ FOCUS ]
s ] =
m 20— = T
E - ] ‘g
1000 | : 5
B 5
B2 1000 (2} ]
[ 1 1 1 . 0. 0.as 0.a 31.95 1
—-1.0 —0.B uu:-l:[:;'} 4 0] 1.0 MI':I'I':I. G-E'n."-'ﬂi

They find a good compatibility with a NR S-wave with a constant
value for the phase versus m;_
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BaBar

* Asymetric e*e” collider

e c.m. energy of 10.6 GeV

i

i

=
==

il
i

1'['|i!!

- |]| 1111]]

Bry(@1s)
e 5
=y b — o E -
2200 4 c(efe"—bb)=1.05nb
= i
5 it
E= 15 - f ‘. 4+ - —_y _ -
= } Y(28) o(¢'e"— ¢cT)=1.30nb
ToE ~  Y(3S)
b ! ] P -
A 1 AR L ;o
=t 1 .l ot Maem L
3.44 9.;16 10:00 10.‘02 10.‘34 10137 10.‘54 10:58 10.‘62I
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 Enormous charm factory

BB

BABAR Detector
Instrumented i
Flux Return . . “"

1.5T Solenoid

Drift Chamber

e (9.0 GeV)

Electromagnetic

Calorimeter
Cherenkov Detector

(DIRC) Silicon Vertex

Detector
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Normalized

Signal selection

e We use a luminosity of 100fb!

*Background removal based on the use of

Fisher discriminant variables with the BaBar generic MC:
eFisher discriminant is a linear combination of variables which
have a different behaviour for signal and for background

BBbar
h2h( variable Fisher discriminant
S RARRE L LA RN RAREE B
D Signal — -§ 1.2 j_l Sigl]n'al' b ]
= E % Background ]
: & 1 —
E =t :
i 0.8 —
r - .
0.6 — 7]
04 -
02l E
0" 4 0 1 _21_._...3-_‘

MVA_Fisher
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Phase shift extmction

S -

;;;d FocP PI(mKﬂ,q , ¥,c086,,cos 0, )d’x

P, =momentum of (Kr) system in D c.m.

sk

P =momentumof Kin (Kr) c.m.

= I, +1,cos(20)+1,sin” 8, cos2 y + I, sin(26,)cos y + I, sin 6, cos;(+1 cos 6,
+1,sin @, sin y + I, sin(26,)sin y + I, sin” &, sin(2 y)

[, =1.(cosO,,mk,q)

e Partial wave analysis (we consider only S and P waves)

Jodo Costa, 15 Mai 2007, Frascati spring school
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Phase shift extraction

These are the terms in I which are sensitive to the interference
between the S-P waves

il

1 > 1 ., q 2 2)}

[, =——<|F| —=sin” G \F,| +|F. : :

= Al i Gl Fi=F, €% + Fe%cos(0)
4:%Re(Fl*F2)sin¢9K F il o 2pel(ﬂp

i i
Fi= F; e

F;;_Fyj(my,q°)
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Phase shift extraction

*If we project our data versus the cos(0,) variable:

There is a large effect but it depends not only

of the S-P phase shift as it is proportional also to the amplitudes
of S and P waves and to the form factors.

N 0.8 < M{Kn) < 0.9 GeV/c" DATA — 0.8 < M{Kn) < 0.9 GeV/c®
g' T rrrTTTrT T T T T T T E'zm:_'illl|"''|""|""_:
3 MC P = x FOCUS :
C ~-wave - m:_ F 1 _:

i = St J
We see an Eimf_”_lll*_ru—',l E
asymetry like e,
FOCUS Rl

04 [ |1} 1

Il dq’dm,_dyd cos6,
= (1, + 1, cos(20)) dg’dm,.dxd cos
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Phase shift extraction

e We fblloW tﬁé i_dea"o_f Pais S’MTre—ihmn:

|
1,)=—/(FF,, \cos(s, - &,
> 87Z-< >COS( ) tan(ﬁs _51)): l<[7> =7 <18>
I >:__1<F F >cos(§ —0) 2<[4> <]5>
5 472_ Is® 3p s p
[7> — 4L<F1SF2p>Sin(§s _§p)
/A
—1

(F\,Fy, )sin(5, =35,

"8

e <I> can be measured by taking moments of different angular
variables over the differential decay rate:

———

jll'cas(ﬁl)sin(;(‘)\'dqzd cos(6,)d cos(0,)dy 1 sin(d, — &)
| \J‘J\c_o§( _;quzd cos(6, )d cos(6,)dy 2 cos(o,—9,)
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What do I see ( for the moment)

Considering a typical o f
. Breit-Wigner for the K™ Sl A PO SRR B0 U ]
e wefind: E
gy Vs :
* K™ BW phase 'ﬁ;— 1 =
o S-P phase shift (BaBar data) ‘ﬁ E
And subtracting the P-wave ‘
phase in our data: o E
* Lass S-wave expression o .
o S- wave (BaBar data) 0_& E
mKn
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Conclusion

So:

With this channel we don’t have extra hadrons and we have a
direct access to the Kmt system

We use an approach which allows a direct measurement of
the phase shift between S-P waves which requires no
previous knowledge of the q> dependence of form factors

Encouraging results are obtained with 100 fb-l. We have
available 5 times this data already.

Lots of tests still to be done before distributing these
measurements. Expect results soon.

Jodo Costa, 15 Mai 2007, Frascati spring school
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