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Motivation

dynamics of the n meson production in pp->ppn

CELSIUS
COSY
SATURNE

L P L:
- analyzing power: f Wave:
- A~ Im{A AL f)sing cosb, F

Wave:

- Ay ~ Im{A A, }sing,

Our aim is to measure angular dependence of the analyzing power
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72 < 8, < 900, spin up

180 < Gn < 360, spin down
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Associated Legendre polynomials

X(ApsApp)sing + E(Agsﬂgd@
AN —_ do

df

- analyzing power:
- A, ~]Im {A AN sinG coso, o~ C2
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The analyzing power is zero for the beam momentum 2026 MeV/c.

For the beam momentum 2188 MeV/c there is enough excess energy available to produce not
only s waves but also p waves, and indeed a strong interference between
Ps and Pp partial waves was observed. 4
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N meson production in pp collisions

CELSIUS
dynamics of the n meson production in pp->ppn COSY

SATURNE

COSY-11
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Partial Wave Analysis

nteraction of the n meson with nucleons

- the lowest partial wave decomposition (S,P and s,p waves)
- few possibilities: Ss, Ps, Sp, Pp, Sd, ...
- two groups:
- odd angular momentum (Pp, Ps,...)
- even angular momentum (Ss, Sd, ..)
- analyzing power:

- A~ Im{A A, fIsinG cosE,
-A ~Im{A_A_ *}sin6
y ps’ Pp n

Our aim is to measure angular dependence of the analyzing power



Analyzing Power

o(0,¢) = 00(0, ) (1 + Z P,A;(0,0)) 4=m P#o

o(8,¢) Differential cross section with polarisation
0,(9,9) Differential cross section without polarisation

o(0,) = o0(0, ) = p=o

- Vector A analyzing power may be understood

as a measure of the relative deviation between
the differential cross section for the experiments
with and without polarized beam.



Analysis steps (WASA@COSY)

1) Forpp -> pp:  we know A, (EDDA)
we calculate Polarization P

@ FOFEp ->ppn; Q[MeVic] P [MeVrc]

15 2026
we calculate Ay 72 2188

A, (0) = 1 .N(Q,go)—N(Q,go+7T)
YN Peosp N(B,0)+ N(O,0+m)




Determination of the Elastic

scattering

FD: - one charge particle
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Determination of the pp
elastic scattering
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Ay from
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EDDA

8, [34°,38°]

ﬂaS T {LS 1 1
< I e EPDA < | 5 » EDDA
0.45- — Pl 0.45(- =P

B = BXP = BRPp
0.4 0.4}

0.35}
0.3

0.25—

0.2l

- P, =2.026: A =0.379 + 0.007 £ 0.000 T
~ P, =2.188: A =0.359 + 0.008 % 0.000

rialig NI EEENINTE IR FI NN EE
195 2 205 21 215 22 225
beam momentum [Gev/c?]

0.350
0.3F

0.25—

ﬂ.i_' 11l

- P, =2.026: A =0.381+ 0.005+0.000 T
~ P, =2.188: A =0.358 + 0.006 £ 0.000

beam momentum [Gev/c?]

tia i NI RNl RN NI NEE I NEERE N
195 2 205 21 215 2.2 2.25

e

Ol

Ay

Dheam = 2.026 GeV /¢’

Dheam = 2.188 GeV /¢

[30,34]

0.380 = 0.007 g, £ 0.002,,,

0.358 + 0.007 4, = 0.001,,,

34,38

0.382 £ (L0044 £ 0.001 4

0.358 £ 0.0054¢ = 0.002,,5

38,42

0.376 = 0,005, £ 0.001,,.

0.356 + 0.006,,; = 0.002,,,

|

(42,46

0.366 = 0.006,,, = 0.002,,,

0.344 + 0.008,,,, = 0.002,,,

10



=0 = 34, up

Asymmetry

Asymmet
i &

=
=

=01

0.2

[ 3028 =34 down

N{#, @)+ N(#, i+ )

04
T
E o3
E

=3
Y

< 01

0
afi A
0.2

0.1

0.4

A, ) = N(B, 2 4 m)

= el N[, 2), N({, 24 m))

Asymmetry = P -cosq - Ay
Asymmetlry =a-cosp+b
a= !"'-.l_'l,r -P

P

a
Ay

11



—A

polarization
o o o o
N -b. 03 (I)

S o o o
o o B~ N O

1
—t

p =2188MeV/c
b

TTl T
1L J.'|'

] T
8 lﬁffh ﬁ‘” f g Tf%gi

after correctlons P L

; before corrections

i @1?«** % %ﬁqﬁk@#

after éorre tions P

r‘I"II|III|III|III|III

'|T
T Tll

?ﬁ} ﬁlﬁf%gg

= 0.5241 0011

P, =-0. 5?8:;0 009

SRR

= -0.650+0.009

20 40 60 80

UJ Krakow & IKP1 Jue

lich

100 120
run number

polarization
© o o o

p =2026MeV/c
b

N A~ OO O

I|III|II||III|IIIIIII|II%¢JI

0
-0.2
-0.4

-0.8F
-1

ph=2026MeV/c
*E v
ke din e Lt B s Ll A 13 o
Vi Wiy Wy
after corrections P L= 0.808+0.010

-o.egi iwgﬁiﬁﬁﬂg Wﬁ?%‘éﬁ?ﬁ* ﬁ‘*&%@’

before corrections PT = -0.559+ 0.007

after correctlons P, =-0i581 0.007

20 40 60 80 100 120 140 160 180
run number

0.8
0.6
0.4
0.2

polarization

:‘I’_.I_IIIIIIII|III|III

— e
o iy

-0.2
-0.4
-0.6
-0.8

after corrections :

befog'e correctlo}\s 0. 006+ 0.

-0.013= 0. 005

005

20

40 60

80

100 120 140
run number



Vertex position
(Systematics studies)

/N

Coplanarity method

d ((IJ ) method

12



Vertex position determination:
coplanarity
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Result for the coplanarity method
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Result for the distance method

unpolarized p_=2026MeV/c
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Eta meson
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Eta meson
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Missing Mass distribution for the Up:2026 MeV/c

eta->3pi0
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Study of the influence of the position

of the interaction point for the

polarization
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Example of asymmetry vs 6, distribution for the p, = 2026
Mev/c.
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eta->6g psg
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eta->6g p(beam) = 2188 MeV/c
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polarization

Result for the Polarization
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Eta meson

1. Only 2 charge in the FD;
2. More then 2 neutral in the CD;

3. Cut for the deposit energy of the protons on FD

preselection
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Cuts on the invariant Mass
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eta->3pl->06g
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Luminosity
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Madison convention
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Vertex position determination:Levents

X and y vertex coordinates,
the method
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Vertex position determination: Levents

Z-vertex coordinate,
the method
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unpolarized p =2026Me\V/c
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Result for the distance method
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vertex || unpolarized P}, = 2.026 Gev/c | Pp.an = 2.026 Gev/c | Pp.an = 2.188 Gev/c
The y* method
Xy -0.1164+0.0052 -0.1230+0.0011 -0.2834+0.0010
Y, 0.1119+0.0052 0.1099+£0.0011 0.1551£0.0010
The distance method
X, -0.0908+0.0017 -0.0968+0.0012 -0.3755+0.0019
Yy 0.1386+0.0019 0.1369+0.0011 0.1793£0.0015
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FIt parameters for Asymmetry
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EDDA data base
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Calculations of the error bars for
Asymmetry(0¢)

0€ = \/(% -§N+)2+(£T—E_ -rSN_)E



MC for the shlft of vertex posmon
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N Theta P Up P Down

1 < 0 < 32 0.3817 0.56+ 0.01 0.694+ 0.01
2 < 0 < 36 0.3811 0.55+ 0.02 0.68+ 0.02
3 6 < 40 0.3788 0.56+ 0.02 0.69+ 0.02
4 0 < 44 0.3669 0.56+ 0.03 0.69+ 0.02
5 6 < 48 0.3339 0.55+ 0.04 0.744+ 0.04
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Experiment with
WASA-at-COSY

C

n->310

Compare with previous
Q [MeV/c] |P[MeVic] Experiment N .y
(reconstructed
15 2026 — 99770
7 188 Eta=2000 events) 147739

81861
375580

R.Czyzykiewicz at al., Phys.Rev.Lett. 98, 122003 (2007)

(control systematic error of the
Polarization determination to about 1%)

Measurement time: 164 h
With P=70%: 74 h With P=60%: 47 h
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Vertex position determination: Levents

Z-vertex coordinate,
the method
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Result for the coplanarity method
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