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outline

* motivation
e the setup at ELSA (Bonn)

* results on K 2* production
e comparison to theory

e conclusion
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2 hyperon production

SAPHIR and ABBHHM data
SAPHIR:
141 eExperiment
1o at ELSA (1997)
15_ + - *Using electromagnetic
_ - spectrometer
% 0'8;_ eLarge error bars
° o S -Up to 1.5 GeV
0.4?- +_
ook ABBHHM:
e ||O| *Bubble chamber
0.8 1 1.2 14 1.6 18 2 Large error bars

Coupled channels calculations require better data in K°2*channel
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2 hyperon production

New SAPHIR and CLAS data
SAPHIR:
1.4 *New analysis
12 eImproved error bars
£ - *Higher energies
3 - *50 % lower due to better
= 0'8;_ background subtraction
o) - A
T
041 +_ ; ¥ ¥ CLAS:
0_2; ¥ ¥y Similar in quality
- | | T | O| ___________ Differential cross sections
D 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1
0.8 1 1.2 14 1.6 1.8 2 need to be extracted due to
E, (GeV) limited acceptance
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Experimental setup
CB and TAPS photon spectrometers

Target
system TAPS TOF wall
Tagging Beam Crystal Beam
maTnet dump barrel LM monitor
Incoming “T’J | | | . g ﬂﬂﬂ
beam 1] | . = —
| Inner —-— o
Goniometer  Tagger detector 2m

radiator

Unique setup: two photon spectrometers cover almost 41t solid angle
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Channel of interest

neutral decay

YP K 5
We are investigating: 50% (K. \—" p ©°
s 53% Y
vtp - K'2* 5 3 +p - 6y+p | 050
31%
’ ——= Y
1Y
This requires: photons 80% of 4 Tt 90% of 4 M
*Photon spectrometer 1 photon 80% 90%
2 photons 64% 81%
.ngh granularlty 3 photons 51% 72%
hoton o 65%
*High acceptance = protons . &
5 photons 32% 59%
«CB/TAPS acceptance is 95% 0 photons 26% 23%
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Kinematical fitting

In a kinematical fit the

measured values are varied, to 1t A Before——
minimize certain constraints:
k (21 MeV)

2 : e T
Conservation of energy (1) 10t
Conservation of momentum (3) ° N

C ok [ After
Pion invariant mass (3) =
+ i (8.0 MeV)
1
| | |

1 1 | 1 1 1 1 1 1 1 1 1 1 1
500 600 700

OF

1 1 1 1 1 | 1 1 1 1
40 800 9200 1000

7°m%7° Invariant mass (MeV)

Unknowns:

Proton energy (punch through)

Confidence level cut at 10 %

6 times overdetermined
Background not altered
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The T T channel

Selecting the data

Channel of interest :

y+p - K02+ - 31 +p - 6y+p

Background:

y+p—>r]+p—>3Tl0+p —)6y+p

V+p - 3 +p - 6y+p
combinatorics ...

x10°

14—
12—

105-

Counts

J--II

discard

keep

I s s et i i AV TR

00 50

The n channel isused for normalisation
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Identifying K’ and 2*

The invariant mass spectra

*Cut on the p1? invariant mass around the 2+
160 R mass (1189 MeV)
140f I
120f
1005

counts

» Kaon invariant mass resolution 10 MeV (o)

-

t

S

7
|

1300}

p 7 inv. mass (MeV)
2
=

-
ha
(o]
(=]

1100}

100051 v L b b e U e L
300 400 500 600 700 800 50 100 150 200 250
7° ¢ inv. mass (MeV) counts
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Counts

Background subtraction

60~
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50F
a0f-

30/

Counts
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Background subtraction using polynomial

Integration of the subtracted signal
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angular distributions in bins of photon energy

Acceptance

K° andn acceptance

KU

am

Legend

o.af E,:1050 MeV - 1100 MeV T

‘A

A ]

.

E_\,: 1450 MeV - 1500 MeV

abkg i Aak
a.z2[ A T FYy e b
Ak Fs 'y F Y " Y
: 1 2 A
= N F—5 F_
aal Fy 'y T & " vy
A“ " A ] A‘ Y e ‘A‘ “A
! Fvy 1 i -
alk 1 rFy :A“ A 1 Y L - 1 -
-1 a5 a 0.5 1 0.5 o [ 0.5 0.5

N-star, 12-10-2005

R. Castelijns, CrystalBarrel-ELSA / TAPS

+ f f i . : :

T E_{: 1250 MeV - 1300 MeV E_{: 1300 MeV - 1350 MeV

T i%i ak_
1

Using phasespace MC

Acceptance is shown
for K° channel and the
normalisation channel

(n)

The acceptance for K’
is flat

— due to decay of the
K’ and X*

Covers full angular
range

— no extrapolation
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angular distributions in bins of photon energy

Acceptance

K° andn acceptance

Legend

KU
am

o.af E,:1500 MeV - 1550 MeV T

E_{: 1550 MeV - 1500 MeV

E_{: 18500 MeV - 1550 MeV 1

‘;m i

oa[ E,:1650 MeV - 1700 Mev T

=
F .
T ‘A“‘ e F “A“ A“ ]
T a rvs Al Fe R

T E_{: 1750 MeV - 1300 MeV .

o3[ E,: 1800 MeV - 1850 MeX.

E_\,: 1850 MeV - 1900 MeV

|

E_\,: 19040 MeV - 1950 MeV

a.z[ ™ £ .
Jakaa PEYVVY A dad
i a* a at &
a.f = ™y A =
‘AAA A aadda a4 adda
Fv Y ak T e Yy Fvy
OD 1 1 1 7‘- 1 1 1 1 1 1 =
=1 0.5 [1] 0.5 1 0.5 [} [F] g 0.5 ] 05 1
cos{e, .}
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Using phasespace MC

Acceptance is shown
for K° channel and the
normalisation channel

(n)

The acceptance for K’
is flat

— due to decay of the
K’ and X*

Covers full angular
range

— no extrapolation
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Differential n cross sections o coeLsA
& CBELSA-TAPS

0.6 I
[ E_: 1050 MeV - 1100 %ﬂiﬁ

N-star,

Normalisation using N channel

E ! 11040 Me¥ - 1150 MeV
t ot
cari i 6@%‘5_

E : 1150 MeV - 1200 Me¥ |

foai] i

[ E_: 1250 MeV - 1300 Me\

[ E : 1350 Me'V - 1400 MeV {

E ! 1400 MeV - 1450 Mey

'ii W‘W“ﬁ

1 E:1450 MeV - 1500 MeV ]

1T 05 0 05 A 05

12-10-2005

0 0.5 A

cos{ﬂmcui
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St

-0.5

Comparison to
CB data (2002)
V. Crede et al.,
PRL 94, 012004,
(2005).

good agreement

acceptance well
understood
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Normalisation using N channel

Legend

Differential n cross sections ° Comparis()n to

S R e V. Crede et al.,
:‘:;: £+ 1500 MeV - 1580 m;: E 1 1550 MeW - 1600 Mev _: E 1 1600 MeV - 1650 MeV : PRL 94, 012004,
N S . (2005).

> CHELSA

A CTBELSA-TARPES

ﬂ.ﬁ:—””IH”I”HI”H_:;HMHHIHHIHH-:— llllllll _: ] gOOd agreement
_ [ E: 1550 MeV - 1700 MeN[  E_: 1700 MeW - 1750 MeV I E_: 1750 MeV - 1800 MeV |
E—,-}Z : 3{ A ﬁ%- over entire
2r T T ]
e il el o el energy range
0.6[ 1 1 ]
[ E_: 1800 MeV - 1850 M E_: 1850 MeV - 1800 Meay 1 E_: 1900 MeV - 1850 Me\ ]
o4 i ?g% el ¢ acceptance well
0.2 L 1 J
-3 1. :i‘i . . Qﬁ" ]
055 0 o5 H 05 0 05 W 05 0 f.':s 3 underStOOd
cos(il_ ..
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Flux (arb. units)

30

20

15

10

A
cl'.n!l

The photon flux

ch"I"”I""W"'I'”'I'L%LU"'I'”

I
1200
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| | |
1400 1600 1800
E, (MeV)
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Obtained flux
follows: 1/E form
with polynomial
modification
Agrees with
online flux

estimate, obtained
using scalers
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a.il I
[ E: 1050 MeV - 1150 Mev]

Differential cross section

Differential cross sections

E. ! 1150 MeW - 1250 Me¥

I r\: 1250 MeV - 1350 MaV I ]

0.05 T Ir ;

iy 55&i i ﬂ ik ; “ t
1= n.“é_ E.: 1350 MeV - 1450 MT':E_ E.: 1450 MeV - 1550 MaV “ E : 1550 MeV - 1650 ”“”ig
H%"-"Efiiiii‘: L i%i

,ZI_,._._If?_%;: A

a.il I
[ E:1650 MeV - 1750 Mi'i:

AR

SRR E:

s 4

E ! 1750 MaV - 1850 MeV

i

T,i

i i

I E:1850 MaV - 1950 MV ]

I 11

[ E_: 1950 MeV - 2050 M

E.: 2050 MeV - 2150 MeV ]

E. 1 2150 MeV - 2250 MeV ]

-1 ks D 0.5 H

N-star,

12-10-2005

e The differential cross
sections agree with
the SAPHIR result
except at forward
angles

e The CBELSA/
TAPS result 1s flatter
for the lower
energies
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Total cross section [ub]

Excitation function

1.4
1.2
1 :_ LelgengBELSAJ’ TAPS
- M CLAS
0.8_— ¥ SAPHIR
0.6 | 1y
- g =
0-4:_ +~£ﬁ HA—%%H
02 i,
0_|||.| IIIII |IIII|IIII|IIII|IIII|IIII|

The excitation function 1s
slightly above the CLAS
result

The excitation function lies
below the SAPHIR result at
around 1.8 GeV

Due to disagreement in the
forward angles
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Recoil polarisation

E_ T T T T T T AN T T T T T T T
N 1050 MeV - 1550 MeV | 1550 MeV - 2250 MeV
= 1L L i
s n ]
= - i ¥ T % T {{ {
™ - X ) I
N of 11 & T ﬂ i I 1
E B -t
u - -
o qC b h
-E: L T L
=1 0.5 a 0.5 " 0.5 1] 0.5 1
cos(o_.) cos(0_.)

o >"is self analyzing

e Polarisation defined by the number of protons emitted above and below the

reaction plane
e Recoil polarisation agrees with the new SAPHIR results

— finer binning
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Comparison to K-matrix calculations

Differential cross sections

[ E.: 1050 MeV - 1150 Me

E.: 1150 Me¥ - 1250 Me¥

I E:1250 Mev - 1350 Mev .|

n.0s)

N-star, 12-10-2005

Comparison between the data and

K-matrix calculation by Usov and
Scholten (dashed)

— using all known resonances

— using coupled channels
approach

Including additional P _(1830)
describes the data better (solid)

More details in talk of O.
Scholten
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Excitation function

* The excitation

Total cross section [ub]

1.4 function shows the
1.2 difference between
3 /"' S the different model
2:2‘_ inputs more clearly
0.45
0.2F-
0:
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Polarization

Polarization

N-star,

Recoll polarisation

1 F :

1350 MeV - 1650 MeV ]

-
]

1]

12-10-2005

cos(8,,,)

Polarisation observables are
also calculated within the K-
matrix framework

Sensitivity of recoil
polarisation data does not
allow to discriminate between
the different model inputs
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Summary & outlook

Summary:

*Photoproduction cross sections and recoil polarisations of K'ZZ*channel have
been obtained using neutral decay mode

*Results agree with new Saphir analysis and Jlab results

*The K-matrix calculations of Usov and Scholten reproduce the measured data
significantly better when an additional P _is included at 1830 MeV

Outlook:

*Analysis of the data taken with a polarized beam
*Analysis of the data taken with a deuteron target
* to obtain information on the hyperon-nucleon interaction
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Pull distributions of the fit

e Pull distributions

Photon

compared to
Gaussian:

Proton
H
—

e — sigma =1

— mean =0

Tagger
E &
>

N-star, 12-10-2005

f - o
S BT SBTRN | R
-2 1} 2

e Systematic errors

”,
under control
i ¥ R ¢-pou" PR
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Countis

Confidence level distribution

10°

N-star, 12-10-2005

o
H Legerd .
I ---- Eta -data 7]
—— Kaon - simulated 7]
Eta - simulated _
111 11 1 | L 111 L 111 | L 111 L 111 | 111 | 111 | L 111 | 111
0 0.1 02 03 04 05 0. 0.7 08 09 1 °

Confidence level
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Important:
confidence
level
distribution
for N and K°

are the same

Calibration
relative to I
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Effect of thresholds on differential cross

sections

0_1__ E,: 1450 MeV - 1550 MeV

D.05— *
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Acceptance holes for n

N-star, 12-10-2005
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Recoll polarisation determination

e Reaction plane defined by
kaon and sigma

e Recoil polarisation
determined by counting the

0

K

K:/.p number of times the proton is
YA h emitted above (N1) or below
= the plan (N2)

« P=(N1 N2)/(a(N1+N2))
a = 0.980 (PDG)
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Data

Selection

+
T — — hits = 7 K® X
phase space — coincidence tagger—taps _ phase space

simulatian _ 39 fwide mass cut) simulation

W

Kinematic Fit

— constraints: E. Px. Py. Pz
— constraints: 3 T masses
— unknown : proton energy

. |
ol

Determine T] counts

Reject n channel
— invariant mass cut

U J

+
Select K° ¥ channel
— invariant mass cut

) J

Determine K” Counts
— background subtraction

J

+
Determine flusx Determine K° X acceptance

|
U

+
Calculate KOE cross section

Determine T] acceptance

Compare to published data

— using KO E+acceptar| ce
— u=sing flux fram n channel
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