MWHW

S’rr'angeness produc'rlon
around threshold region
and
a possibility with
the new beam line and NKS2

Masashi KANETA

£ for the NKSZ2 collaboration
28 Department of Physics, Tohoku Univ. &2

kaneta@lambda.phys.tohoku.ac.jp



Ou’rlook of ThIS ’ralk

e Introduction of the experiment

— Motivation
— Collaboration list
— Fruits of our study

e Physics topics
— strangeness production

- model and data
e Experiment with Neutral Kaon Spectrometer (NKS)

— setup

— results
e New spectrometer (NKS2)
e A possibility with new beam line and NKS2

it
Masashi Kaneta, Tohoku Univ.



Introduction

it
Masashi Kaneta, Tohoku Univ.



e Focusing on strangeness production by
Electromagnetic interaction
- by y+p and y+n reaction

— using photon beam at Laboratory of Nuclear Science (LNS)-

Tohoku
e 0.8-1.1 GeV (accuracy: 6MeV) y beam
from 1.2 GeV (2mA) electron
— information for
e meson-baryon interaction
e hadron structure
e What are our characteristics?
- measurement of neutral kaon
e K* photo-/electro-production existed on markets in 1990’s
- Bonn-SAPHIR, Jlab-CLAS, SPring8-LEPS
e however no K9 data on the neutron target

e Studied with y+C and y+d reaction
— now under constructing a new spectrometer (NKS2)
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e Thesis
— 2 of Dr. Sci. (T. Watanabe, K. Tsukada),
7 of M. Sci. and 4 of B. Sci. in 5 years

e Conference talk
- PANICO02
e Photoproduction of Neutral Kaons on C in the Threshold Region

- LEPSO3
e K9 and double pion photoproduction experiments at LNS

— SENDAIO3
e Photoproduction of Neutral Kaons in the Threshold Region at LNS

- HYP2003
e K9 photoproduction on 12C in the threshold region

- Hirschegg 2004
e Photoproduction of neutral kaons on carbon and liquid deuterium
targets in the threshold region

e JPS talk
— 15 talks in 2001-2005

.. ® Publication
— now on going

HRY
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Physics topics
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4 Kaon production on nucleon by electromagnetic interaction
A

Physics motivation

Strangeness production mechanism

Meson-baryon coupling constants
Structure of hadrons (form factor)
understood better than hadronic interactions

y =3|

stealing from Kyo TSUKADA's defense talk with respect
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4 High quality data for K* photo- or electro-production since 1990s.
# Bonn-SAPHIR

KHA KHxe KOt
} JEEI::B ) ) p('}f: ) ] p(’}fj ) 4 ; Tp_) K+A
— : 0
p(y.KA, ple.e’KDA | W e
_ i — Solid lines:
» SPring8/LEPS — 4F s theoretical
p(T KA, p{y,KHE? =2F = yn=> K'z? calculation
KOS+ channel by SAPHIR : 2 /&——:‘
with poor statistic JE — N‘_— MAID
Almost no data for K° production yp—> KIZ* yn=> KTE~
2| /\/’

V"1 14 1.8 22 26 1 14 18 22 26
Ey [GeV]

o Key information from other three strangeness production channel
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STmngeness pho’ro produc’rlon

Isobar model - framework

\

i
e g
(a)s-channel (b) t-channel (c¢) u-channel
Y kK Y. K Y K
NoAL N Ay N T Az

4 SUQ) flavor symmetry
B 10 Bryyy (4.5, <-3.0, 0.9<g,5,,<1.3)
4 Duality hypothesis

extract resonances with higher spin in t-channel

e

Crossing symmetry
radiative capture , p(K~,y)A € p(y, KNHA
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N\ Isobar model - modification

.-'/l

(a)s-channel {h)tchannel (c)uchannel (d) contact term
Y K ""

g YK
}‘—\ KK1 %\ >\
NN Yy v s

: N

4 Only Born term ( under SU(3) constraint )

— produce higher cross section than data.

4 To reduce Born strength
the hadronic form factor (+contact term)
the hyperon resonances in u-channel = SLA

Masashi Kaneta, Tohoku Univ.
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\\Improved Isobar model

4« Kaon-MAID [ T.Mart, C.Bennhold, Phys. Rev. C61 (2000)
012201 (R) ]
Resonances : 5,,(1650), P,,(1710), P,;(1720), D,;(1895),
K*(892), K,(1270)
Reaction of input data : K*A, K20, KOX*
Hadronic form factor , contact term
4 Saclay-Lyon A [ T Mizutani et.al., Phys. Rev. C58 (1998) 75 |
Resonances : P 5(1720), K*(892), K,(1270), A(1405), A(1670),
A(1810),Z(1660)
Reaction of input data : K'A
No hadronic form factor
A——
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\ K' Pl‘oduction near the threshold

4 Interference among diagrams 1s quite different from K*

production y KO
no charge in the reaction béq?
— t-channel Born term does not contribute /Q<’
o . n A
SOSPIN SYIMime 5
— coupling constant of ¥° exchange term 4 K (K+)
m u-channel, 2
()
g(K"2n) = —g(K"Z°p) )
n(p) A

4 In the threshold region, the influence from higher

Masashi Kaneta, Tohoku Univ.

resonances 1s considered small.
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yp—~> KA
Ey=1.05GeV| Kaon-MAID

— Saclay-Lyon A

do/dQ [ub/sr]

X e e v v T N B E— (rkk = —0.45)
Ey [GeV] cosO,,
— 10, — 1 0
2 yn—=> KA - yn—=> K'A
—
e r= =
5 g .E'y 1.05 GeV
G nka..' &
=
©
0 E ; . - : - = 9 ORI ve:
09 1 L1 1.2 1.3 1.4 1.5 -1 0 1
Ey [GeV] cosB,,,
K° photoproduction data is essential to
4 investigate the strangeness production. / i 9
\2)
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Experimental
setup of NKS
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LNS STB rmg cmd NKS

" Neutral Kaon

Spectorometer
IEhanc:i;l:*-::d:n‘ble1:|:|
VL frEe=1.2 GeV

(NKS)
1 Scattered

electron \
100 - 400 M

e Conditions at this
experiment
- E,:0.8-1.1 GeV (E4;,=0.91)

— Duty factor : ~ 60 %
:~v 2 mA
16

/‘ﬁ}
- Beam current :

ARG
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KO = mhm-
B.R. ~68.6 %
ct ~2.67cm

e TAGX magnet
— Dipole magnet with 0.5 T

e Inner Hodoscope (IH) and
Outer Hodoscope (OH)

— Trigger counter
— Time of flight measurement

e CDC (cylindrical drift chamber) and

SDC (straw drift chamber)

— Tracking
- Momentum

e EV (electron veto counter)
- ete” background suppression

Masashi Kaneta, Tohoku Univ.

T EV (Electron Veto
Counter)

[+4]

3

el

—

[+4]

E‘" 107 cm

= A by .

= W
HeBag \
OH
- (Outer
ybeam Hodoscope)
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Results from
NKS experiment

v+C(n) — KC+X(A)
v+d(n) - KO9+X(A)
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e v+C(n) — K0+X(A)
KO NKS (0.800 < cosh < 1.000)
K*: H.Yamazaki et al. (0.766 < cosd < 0.985)
fromTakaomi Watanabe's Dr. Thesis Phys. Rev. C51 (1995) R1074
<o [ e C(y,K0 _{.
3 I (Y’ ) Integrated region: almost same
=3 & C(y,K+) | acceptance effect
b [ KO: uncorrected (<5%)

—— )
# K*: corrected

ZeK0 _1 1401

O-C(y,K+)

+1 !

................ | T L1
0.8 085 09 095 1 105 1.1 KO cross section is close to K* one
N E, [GeV]
\3)
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ResulTs of NKS expemmen’r

o y+C(n) — K0+X(A)
— KO Cross section as a function of
momentum, cose (= p;/p), and E,

from Takaomi Watanabe's Dr. Thesis

do/dp [ub/GeV/c]

0

Ey:0.9-1.0 [GeV]

02 04 06 0.8

10 02 04 06 0.8 |

Ey:1.0-1.1 [GeV]

o (3] +— =)
LI LILELI LI | LI B L

o (8] -l‘-‘- C!\
LILIL LI | T
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All

Ey:0.9-1.0 [GeV] Ev:1.0-1.1 [GeV]
— 0__02 04 06 08 10 02 04 06 08 1
2 6Fc0osd:0.8-0.9- O8O N ] 6
5 4_ A l 4
i 7 ]
= oF 2 10
E L :_2
g 46
14
12
10
. . N
04 06 08 1
P [GeVic]
- =) .
B [ Py 0.15-0.80 [GeVie] 1,
=
=
o 2
=
g e ' A A A i 'S L 0
05 06 07 08 09 105 06 07 08 00 1
cosl, cosO,,
Th=>KCA
N> KOZ0 + yp>KOXH

Comparison with Kaon-MAID

e The model has:

— same order of
magnitude for cross
section

— underestimate in
low E, and p region

need a correction
of the model for K9
A channel

Masashi Kaneta, Tohoku Univ.
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+C(n) — KO+ X(A)

R '.'mlmmém;u

Comparlson with SLA model (KA)

Ey:0.9-1.0 [GeV]

Ey:1.0-1.1 [GeV]
1o 02 04 06 08

0.2 04 06 08

do/dp [ub/GeV/c]

02 04 06 08
P, [GeVie]

110 0.2 0.4 0.6 0.8
Pe. |GeVie]

B

rKK; = g(K;°K%) /g(Ky" K* )

free parameter

}

SLA model do not represent the data

\

WithrKK,=-1.4--1.8

E‘ 2 0.15-0.70 [GeV

=

=

G

=

=]

= 1 L 'l A1 L 1 L L
05 06 07 08 09 105 06 07 08 09

cosO,, cosf,
rKK,=-0.447 ( Kaon-MAID)

=—1l4or—1.6 or—1.8or—3.4

good agreement with the data

when Kaon-MAID valueis used for rKK,

Masashi Kaneta, Tohoku Univ.
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Results of NKS expemmem‘

y+d(n) — KO4+X(A)

y
a
120 -0.9~
Eyi0.5~1.00eV| 4 hlack: decay volume
% 6~15.8+1.1 MeV
4  Background
4  green: case 1
- leak from target region
%.2 0.3 04 05 06 07 08 09 1 4 blue : case 2
Invariant mass [GeV/c¢’| _m* from K° and 7 from A

80 Ey:1.0~1.1 GeV

60 N

” RO, ey Mass gate : 0.46 — 0.54 GeV/c?

20 } # 1 ?l%“#

T S Sadigtc o
%2 03 04 05 06 07 08 09 1 / R
Invariant mass [GeV/c’] 23
s} s B

4 :
\ié stealing from Takaomi Watanabe's defense talk with respect
]
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y+d(n) — K9+X(A)
L EE T

\r’r}-f- L] L ] L]
____?\Molmentum distribution

= 0.8 = 0.8
‘;‘::g-,v 0.9<Ey<1.0GeV o data ;,0,7 1.0<Ey<1.1GeV 0 data
o" 0.6 o ease l U 0.6 case 1
2 0.5 o case2 .p 0.5 case 2 }4"\
=) =
203 + 203 % "%“ \ background
502 S 0.2 ;E‘—'—E—'&:b:bj: estimated

0.1 0.1

o} ) I 1: it pair from

2 %7 after B.G. subtraction :0'-" after B.G. subtractjon out of target
> 0.6 = 0.6
3o0sf So0s) (p, , €tc)
b % 2041 2: accidental
So2 ++ So2| coincidence
2 = ST 1 :%-' %___3“'; _____________ o of 7t from K©

0.1} 0.1} and T from A

&

0 0102030405060708091

K’ momentum (GeV/c)

typically, systematical error 10%

4 Error : (statistic)+(statistic+systematic)

0 0.1 0.2 0.3 0.4 9.5 0.6 0.7 0.8 0.9 1
K" momentum (GeV/c)

Masashi Kaneta, Tohoku Univ.
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Results of NKS experumem‘

V"‘d(n) — KO4+X(A)

o Ey:1.0-1.1 GeV
=~ 0. &
-
5 : =  Kaon-MAID
S 06 ?
g - ===+ SLArkk=-1.6
> 05 P2
&) " = =  SLArkk=-2.0
3 k
2 0.4 ]
2 ' o m— SLArkk=-2.5
- »
2 85 ': = = SLArkk=-3.0
0.2 )
0.1
0
=01
0 0.1 0.2 03 04 0.5 0.6 0.7 0.80

0.1 0.2 03 04 05 0.6 0.7 08

K’ momentum (GeV/ic) K’ momentum (GeV/e)

4 Kaon-MAID : too large at 1.0~1.1 GeV

4  SLA rkk=-2.0 : good agreement / At
A
?é stealing from Takaomi Watanabe's defense talk with respect
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e Neutral kaon production by y+n — K9+A is studied via

- v+C — KO0+X(A) and y+d — KP+X(A) reaction
e First time measurement of K° cross section in y+d

e Comparison of data with two models

- Kaon-MAID
e iny+C
- seems to underestimate in low momentum (backward direction)

e in both y+d and y+C
— over estimate in p>0.7GeV/c and EY:1.O -1.1 GeV

- SLA
e with tuning of the free parameter rkK;,
- rKK,=-1.4 to -1.8 for y+C data

=
- rKK,=-2.0 for y+d data

e Need more statistics to conclude rkK;,
- additionally, need to consider a nucleus effect in C

e We expect more statistics with NKS2
— 2 times of K? and 10 times of A compared with NKS

3t
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spectrometer
NKS2

Masashi Kaneta, Tohoku Univ.
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e New magnet (so called 680 magnet)

— used for cyclotron in CYRIC-Tohoku
— 0.42T (1000A, 110V)

e New cylindrical drift chamber
— covered forward region

view from downstream

n,%
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g.*ﬂbra.-.— p AN ) ma&&?h#*m 3:,% A

| RERWE DR RERRE R
eNew CDC
—covered forward
region
-3D tracking by x,u,v
wire read-out
—acceptance
¢ 20-80 cm radius
e+165 deg in zx plane
along the beam

: sense '.'u-'juw:: |:1'i}'.iEiU'. .i165cm hE|ght
*: sense wire (stereo) e1.127 - Sr (28180/0
of total solid angle)

old CDC & SDC

1600

¥ 1sense wire

g . :.-:: ... _-.I: :‘. \:}: ”L‘ld 'n"r'l-r'::
ol ¥/ @: shicld wire

iminized mylar

3t
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Some plc’rures of NKSZ

Detectors will be installed
from this autumn

Masashi Kaneta, Tohoku Univ.




A possibility with
the new beam line
and NKSZ2

Masashi Kaneta, Tohoku Univ.

31



e S R e e S e e S e o e e P T S T T

e It is just rough idea which MK hit upon....
- that is, might be “Picture of Rice cakes (= “Pie in the sky”)

=

==

Vs
N
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R LR LR ERRELRED w7, ey
e With large acceptance of 680 Magnet

+ CDC + «

— Strangeness production study
(also polarization measurement)

o A, A¥,..
— many resonances will be backgrounds

e multi-strangeness baryons are interesting
— need inner tracker (Mini TPC, Si detector, etc.)

e charmonium??
— cross section/polarization measurement

- with several E,, if possible
— Sea quark (ss) contribution in spin structure of

nucleons
e an asymmetry of ¢ production with polarized y beam

3t
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e Neutral kaon production by y+n—K%+A is studied via

- v+C — KO4+A and y+d — K%+A reaction
e First time measurement of K° cross section in y+d

e Comparison of data with two models
— SLA show better agreement than Kaon-MAID

e however, it is not perfect
e to fix a free parameter rKK,, need more statistics

e We expect more statistics with NKS2
— 2 times of K2 and 10 times of A compared with NKS

e Some rough ideas for new beam line with NKS2 are

presented

35
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NKS

[ a.2 O.4 .6 <3 1

KO momentum (GeV)

1.05 GeV < EY <1.10 GeV

O .2 O.4 . & .2 )l

K° momentum (GeV)
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HARIROA—S
0.90 GeV < Ey <0.95 GeV

' K° momentum (GeV)

1.05GeV<EYy <1.10 GeV

O .2 .4 . & .2 )l

K° momentum (GeV)

[FEEEHFHREZEOTLVD,

Color :
Acceptance

Solid line :
Kaon-MAID
D2

KO 4 i B #E

KOTC2{&. N TLOEDINE I EATFTES,
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200 400 600 800 1000 1200 v
Rdir. (mm)
BARIROA—S (NKS) | iARIROA—F |
TAGX magnet 680 magnet
AR 535 mm 800 mm
Xy 600 mm 680 mm
= 30 t 120 t
Bk 500 A 1000 A
EARFHELES (05T 0.4 T (TOSCA simulation)
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