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Motivation d

With regard to the upcoming PANDA experiment, analyses of existing
pp data are valuable

== Crystal Barrel at LEAR
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Development and test of the PAWIAN partial wave =2 2N

RAWAN
analysis package 2 @jﬂ ;{9
Study of the production of vector mesons and the initial pp states
Evaluation of the pp orbital angular momenta
Determination of resonance contributions
Evaluation of the spin density matrix (SDM) for different mesons

== Coupled channel partial wave analysis of
pp — KTK~7n" [ mn°n [ wnn
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Crystal Barrel LEAR d

Magnet coils Csl(Tl)-calorimeter S| vertex detector
Fixed target experiment Jet drift chamber
at LEAR (CERN)
data taking 1989 - 1996

pp-annihilation in flight and
at rest

Pp =105 MeV/c ... 2 GeV/c

94% - 47 detector
Targets: LH5, LD», GH>

Trigger on O or 2 charged
particles

Excellent opportunity for the investigation
of specific physics aspects for PANDA = -
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Event selection: pp — KK~

» Selected Crystal Barrel data: (1320) / f2(1270)—
~17500 exclusive events i 1500 I28
@ 900 MeV/c % ey ¢ of 24
- Kinematic fit for signal event > = o i
selection and background O, :
suppression i =
- Main contributions: hl i
. ¢7-‘-0 él.o
o 1020
ca5(1320)7°)/ f(1270)x° B U0 T
‘ f0(1500>7'('0/fé<1525)7('0 1.0 15 20 25 3.0 35 Kt
o K* (892):|:K:F m* (KTK™) [GeV?/c']
* Possible contributions: 0
CKiE(1430)k T  C @(1680)m - a0(980/1450)7°
CKIE(1430)KF f2(1525)7r(; - Other forr / (K K)g -wave
pO2i)e a7t
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— 0_0
pp — T T] pp — T
« ~97000 events @ 900 MeV/c + ~12000 events @ 900 MeV/c
* Main contributions: » Main contributions:
g a2(1320) 0 * a3(1320)n
° CLO<980) ¢ a0(980)77
f2(1270)n * fo(1500)7° / (nn)s-wave
fo(980)n I (7wm)g-wave
— Q.Z.S-
“& =
ol_\_ SZO
o -
0.5 IZI.n()2 (7.‘]:05,'7) ZE)GG;Z/CZ? 3.5 .
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Event-based Background Suppression

Multivariate side-band subtraction using probabilistic event weights
M. Williams et al, JINST 4, P10003, (2009)

See talk of C. Sowa: "Study of excited n Mesons in Photoproduction at CLAS”

Example: background in 7r07r077 due to pp — w(— 7r07)7r07r0
i gle3 ; ‘ ‘ ‘ ‘ . ‘ ; ; ‘ ; 3.0l€3 ; i
= | pp — == Data = == Data x Q g = True Signal
S 5 L — DataxQ | & = Data x (1-Q) | & %7 = Data x Q
E mr (1) == Data Sl T H True Backgr.
& 4 x(1-Q) 2.0/ = Data X (1-Q)
e
E il 1.5
Z
M 2 1.0
1t 1 0.5}
__,_..ﬁ (normalized to same integrals) W
$60 480 500 520 540 560 580 600 620 870> 04 06 08 10 086 902 04 06 o8 10
m(’)@’) [MGV/C ] CcoS 9;'(')71' cos 07':(')07r0
Background in n signal Signal region vs. MC mix%urg of m¥7%n
region: can not be removed sidebands and wm 7T events with
using the kinematic fit physics model from PWA
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Partial Wave Analyses (PWA) of pp Reactions d

FS particle spin JPCprod. amplitudes 7 1
+ ppSlngIet/Tanetst:tes /
PC
XD SN DOL e S
S
A (2S5+1) PC PC ”
o S / LS J eproda ¢prod 2

Z Z JPC X X
% Tl — AT1 Al, ,—>332£L‘3 / \ Z/S/
X

gdecv ¢dec
Res rod. amp.
Resonances P P 1

L3
Res. decay amp.

Amplitudes include angular distributions (D-functions), spin/isospin
couplings (Clebsch-Gordan) and dynamics (Breit Wigner, k-matrix, ...)

Full PWA from the initial to the final state

Maximum contributing pp orbital momentum Lo« = 4 is taken from
previous results: Eur. Phys. J. C 75 3 (2015) 124
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Coupled Channel Analysis - Overview

mm) Simultaneous fits of different reaction channels which share a part
of their parameter sets

More reliable determination of resonance contributions and SDM elem.

Additional constraints, less fit parameters, ...

k-matrix formalism describes dynamics across channels by
design, ensures unitarity

August 315t 2015

(Km)s(I =1/2)-wave
Resonance Dynamics KTK- 7 7% ' 7% used by FOCUS
b R X Phys. Lett. B653 (2007) 1—_11
(1680) rel. BW. X 1-pole, 2-channel matrix
Kt rel. BW. X
K§(1430)  Km-S-wave X
fo TT-S-wave X (1) X @ X1 -e—— k-matrix parametrization by
ao(980) k-matrix X (1) X @ X @ Anisovich and Sarantsev
ao(1450) k-matrix X (1) X1 X Eur. Phys. J. A16, 229(2(?03)
a(1320) kematrix X (1) X1 X 5-pole, 5-channel matrix
a2(1700) k-matrix X (1) X (1)
f2(1270) k-matrix X (1) X (2)
f,(1525)  k-matrix X (1) X (1)
p3(1700) k-matrix X Model select N
o) ce pw Koo X | Mode selecton sy aeren
X basis fit X current best fit X alternative fits —<@———
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Coupled-Fit Results for K K ~ 7"

le2

24, i Resonance  Cont. [%)]
g K* 38.0 £0.9
B fo matrix 18.5 £1.2
B (Km)g 17.8 +1.1
B (KK)g 16.4 +1.1
| =05 oo 0T 10 1 a matrix 14.4 0.6
cos@ﬁifo_”o - ¢(1680) 11.3 £0.6
g S ¢ 1.91 £0.23
o & apmatrix  0.58 +0.03
-2
= 12 1.4 16 1.8 éDi ) 118.9%
m(K*K™) [GeV/c? ] =
S 9%
< e
% g 5 . .
© =+ Goodness of fit evaluation
o 5 using the “Energy Test”
'jé 0.6 l B. Aslan and G. Zech, Nucl. Instrum.
& Lt Methods A537 (2005) 626-636.
0.4
g T | p=0.06
“Fit probability”
0.
S %
i) : | ‘ | . 0.0
0.6 0.8 1.0 1.2 1.4 50 ma el 0 1 2 i 03
m(Ki 770) [GeV/c? ] ¢§iﬂ
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Coupled-Fit Results for 7°7"n

NU 6163
= : :
(]
= 5
o0
C\i h } +
— 4r ** i it 4 4 ty
B } t u +
5 gt Pyt . :
§ fl 7 i
=
5]
2,
1l 0._0]“0 -0.5 0.0 0.5 e 1.0 T 0'0—3 -2 -1 0 1 2 . 3
cosforo” A Py
g ; S
S5 < )
0 8
o ; 8
il ) ‘ - . N i ] (e
06 08 To T2 14 16 T8 20 8. Resonance Cont. [%]
0 2 o
m(r n) [GeV/c" | = as matrix 52.5 £0.6
2y = fo matrix 31.5 £0.6
D
E =2 (77)s 20.9 £0.6
) ;
* 0.0l il il ag matrix 19.1 £0.5
5 B » 124.0
? e
£ E !
5]
b g
0
o i
—41 ) ) ; . ; i i
R R D L e T &0 05 10

m(7°7°) [GeV/c? ] e Qﬂgﬂ
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Coupled-Fit Results for 7r07777

|
bl i
| i Wy
il L

0'—01.0 -0.5 0.0 0.5 1.0

0
cos O™
s

0.6 0.8 1.0 1.2 14

Resonance Cont. [%]
(nm)s 52.2 £2.0
ag matrix 30.9 £1.3
fo matrix 11.8 £0.4
ag matrix 11.1 £0.9
)D 106.0

N
[

~1.0 -0.5 0.0 0.5 1.0

«— AOUSIDIJJO I0J POJOSII0D —

Entries / 8.5 MeV/c?

1.0f

p =0.30

i, 1.4 1.6 18 i ey s s g

m(nn) [GeV/c ] ¢n'
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Spin Density Matrix (SDM) Elements of the ¢(1020)

Spin S particle: n x n-matrix withn=2S + 1

Diagonal elements give the total probability to find a certain spin state
Obtained from PWA (this work, helicity frame):

1.0 ‘ ‘ 0.4 ‘ ‘ ‘ 0.4 ‘
O() = P\N/A result 1__1 Q}g%
0.8 P | Stat. error | o.zp J ool P10
0.6 [ Sys. error '
0.0 / 0.1y
1o LAY a2V 4
0.2 /AN :\\ //l /\\ 02 \/ _ \_/ -0.1}
R\ A2 —0d |
o.o/\w —0.4 \“{{x{\aﬁ 03 4 ﬁ\'g\aﬁ
pre pre : gy
—0475 ~0.5 0.0 0.5 1.0 —0.875 0.5 0.0 0.5 10 %%5 —0.5 0.0 0.5 1.0
0 0 0
COS 9;2” COS H;fﬂ COS H;fw

Previous results for the w in pp — wr? Eur. Phys. J. C 75 3 (2015) 124

; , ; 0.2F '
: P00 P=900 MeV/c : Rpo10

[ : . ) ] Y . . \ ] -02E . s s
-1 0 +] T 0 +] -1 0 41
wT wT wT
cos 0 cos 0 cos 07
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SDM Elements of a(1320) and f5(1270)

as(1320) (7 recoil)

0.40 : 0.5

1.0

— PWA ‘result 0.35 | | | | ‘
o5 P00 . Stat. error 0.30 P11 o [)22/ \
0.6 - Sys. error 0.25/ , 0-3
0.4/ / z.ig/ ~ON \ / A N 0.2 / \
15 0.1
0.10 \ / / A\

Ne—
0.0 0.05 \/ | 0.0

—0.25 05 0.0 0.5 1.0 0095 05 0.0 0.5 10 %Mo —0.5 0.0 05 1.0
0 0 0
cos 7, cos 7, cosf”,
Ton ™n rn
f2(1270) (n recoil)
1.0 ‘ ‘ ‘ 0.40 ‘
od 00 — °-35’”P11
0.30!
068\ / 0.25
0.4+ / 0.20
0.15
0.2
: / 0.10F
0.0 0.051
—0.25 05 0.0 0.5 1.0 0095 05
co Hﬂowon
S 71'07'('0
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Summary

Analyses of Crystal Barrel LEAR data with relevance for PANDA
pp Initial states and production of vector mesons
Development and test of the PAWIAN PWA package

Coupled channel analysis of pp — KtK—=° / 7r07ro77 / 7TO7777
IS INn progress

Sophisticated treatment of background using event weights
Resonance contributions have been determined

SDM of ¢, as, fo are extracted from the fitted amplitudes

=) SDM of the ¢ shows an alignment and significant
similarities to the w SDM

Spin-exotic 71 (1400) contribution has to be investigated
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