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K A photoproduction on the neutron studied with the FOREST
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Baryon spectroscopy via KY photoproduction

-> accessible highly excited baryons which hardly couple tonN (nN)
« K*A(2): recently well studied (CLAS, LEPS, SAPHIR, MAINZ,...)
« KO9A(Z): few reports
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|yn — K" A reaction = MK e EA !
Isospin selective -> KA: 1/2, KX: 3/2x " n n .

Expected few t-channel contributions

All of the participants are NEUTRAL
- no K (not K*) can be exchanged
- Born term contributions are expected to be smaller than that of the K* A case

s-channel t-channel u-channel

K. Tsukada et al. (NKS collaboration), Phys. Rev. C 83 039904
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yn — nn -> A narrow resonance-like structure @1670 MeV
yp — np -> No such structure (but a dip?)
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N(1670)

Recent theoretical interpretations

— Intrinsic narrow state

— Coupled-channel effects

— Interference effects
— KY threshold effects

Interference effect

Anisovich et al., Eur. Phys. J. A51, 72 (2015)
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Threshold effect (KY ch.)

Intrinsic narrow state i 2
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M. Doring and K. Nakayama,

Phys. Lett. B 683, 145 (2010).
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1200

More experimental
information is needed
-> How about the K°A case?

Similarities between
m & K°A
- Isospin 1/2
- yn initial state
- §S component

Confirmation of the N(1670)
must be a valuable info.




N(1710)?

Another narrow, but small, peak structure has been also observed in (r?) photoproduction

Re-analysis of the y(n, n)n reaction (re-binned ver.)
Werthmuller et al., arXiv 1511.0829 (very recent!)
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> asymmetry of the y(p, p)° reaction
Kuznetsov et al., Phys. Rev. C 91, 042201 (2015)

.4

GRAAL | 131 deg 03 kb 143 deg

it

0.1 F

]
y: i&ﬁiﬁw f f*ﬁiﬁ# %?H

-0.4
-0.6 |- _.;1_;5_
_[].H-IlllllllIIII|IIII|II _ﬂ‘_‘[;|||||||||||||||||||
0.9 I Ly L2 0.9 ! L1 12
W 04 L4 ¢

0.3 _ 157 deg 03 E Sum
0.2 F 0.2

0.1 & i 5
? 2 0 f T* + '?‘ | -0 } 4 # ]
= e y2H-nn(p) j’ 4 * \ ; J‘i ! .
9 A y2H-np(n) 0.1 E + 01 E . I‘k
E o subtr. data -2 3 c% H -fh.2 3 %# +Hj§
2 — total fi g g
% ----background 0IE | | | | IE ! | ! |
> — narrow BW 'ﬂ"‘[ﬁ'g_:j”'_r” ”f';””_.'_jl _ﬂ"'fﬁlﬂ_-‘,i” ,f II.J””I.EI I
\ E [GeW E [GeV]
Q
| TN U R N RNVINN ST ANRNYES NI WA N NRN N FIG. 3. Beam asymmetry ¥ for Compton scattering on the
1600 1650 1700 \1 750 1800 proton. Dark (open) circles are the results obtained with UV (green)
W [MeV] laser.
['=15+ 4 MeV
1, Aug, 2016 Y. TSUCHIKAWA 7



Experiment @ ELPH, Tohoku University, Sendal

1.2 GeV Electron Synchrotron and photon beam line
@ Research Center for Electron Photon Science (ELPH)

Layout of ELPH beam lines
(~2012)
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4 i electromagnetic calorimeter complex FOREST
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Particle identification

Focusing decay chains: yY invariant masses
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Kinematic fit with 4 constraints

“yy invariant mass = m_o" x2

16 variables:

y; momentum, polar, and azimuthal angles: E;, 6;, ¢;
(i=1,..,4), same for proton: B,, 6,,, ¢,

and Photon beam energy: E,,

1. M?(y4,v,) = 2E,E,(1 — sin 8, sinf, cos(¢; — ¢,) — cos B, cos B,) = mfro
2. M?(y3,v4) = 2E3E,(1 — sin 05 sinf, cos(¢ps — ¢4) — cos 05 cos 0,) = mZo

“4y missing mass = m,”

)

“4yp missing mass = m,-":

2
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K" signal Clear peak but S/N ~50%
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Yield counting

The simulated distributions

Examples of the fit results

Ey=990- 1020 MeV

_ CM_, _ - CM_ _ - CM_ _ - CM_ _ - CM_ .
(yn N T[On.on. p) We” loocgse {-1.0,-0.8) cE)sG [ 3.8, 0.6) cgse [ ?.6, 0.4) c959 [-0.4, 0.2)100c3s0 [-0.2,0.0
100 — i — C
reproduce the BG _ R (O L 100 \ -
- L . o 50 4, 50 4t 50 L fed ] 0
dIStrIbUtlonS % [ E L (“\“‘ | ; [ {" \h | E '\#\ | 1‘\‘ 1 c L :"/\“ |
S %0 400 600 900 400 600 %00 400 600 200 400 600 D00 400 600
o
Fit for yield counting: S cos0™0.0,02)  cosd™=[02,04)  cosHM[0.4,06)  cosd™M=[0.6,0.8)  cos6™=[0.8,1.0)
(2] — C c L
Total (blue) = g sl S0E 50— 40
. Q B 25i - o 20
Gaussian (magenta) R = 255 20
. ~ Al C i = / O ) b ‘ i
+ BG dist. (red) 00 400 600 300" 400 600 990 400 600 900 400 600 00 400 600

E,=1020-1050 MeV
c0s0M=[-1.0,-0.8)

cos0M'=[-0.8,-0.6)

n° n° Invariant Mass (MeV/c )

cosOM=-0.6,-0.4)  cosO™M=[-0.4,-0.2)

cosOM=[-0.2,0.0

100 — F C 100—
00 C 100 & ﬂ L t 100 — t -
50 o E 1 j 100 B 50—
© Et 50 4/ T R 50— t4 oy YT
oy ) C [ 4 A . - -
% I RN A A N ot o | /] N Eoat 0 el
= 00 400 600 800 400 600 00 400 600 00 400 600 800 400 600
=
T cos®™M=0.0,02)  cosO™M=[0.2,04)  cos0M=[0.4,06)  cosOM=[0.6,0.8)  cosOM=[0.8,1.0)
a - C 40 40—
S::'S 5 C 50 40 — C
5] — = - r
@) - } 25 20— 20 20 =
Cowd T/ N e N SR AR ’ /N Lo 7
800 400 600 800 400 600 800 400 600 00 400 600 800 400 600
7° n° Invariant Mass (MeV/c )
1, Aug, 2016 Y. TSUCHIKAWA 13



eVigy]

da/dp JubiG

Differential Cross Sections

0.5€ — —

= 04 ; 'Y=915°0 MeV } - E —945 0 MeV ; EY=975'0 MeV . =1005.0 MeV ; Y=1035 0 MeV

g 03 = = = =

g 02— — — W M

o = = W =

6 0.1 ] Begettteee ET = =

o e = = = —
Om SERRIARNNE ARRNRARER SERRIANANE RRRNAREER SEERIANRRERRENARERY SEERINERRI RRRNARRRR
05—1 -0.5 0 0. 1-1-050 05 1-1-0520 0. 1 -1-050 05 1-1-0520 051
. ;E =1065.0 MeV “E.=1095.0 MeV “E.=1125.0 MeV

e
.|;

do/dQ (pb/sr)
o O O
—_— N W
Ep
E
f

05\\\\\\\\\\\\\\\\\ SERRASENRRRRNRARENE SERRIRENRARNERARENE
-1 -05 0 05 1-1-050 05 1-1 -05 0 05
b oV 7 T ) .
O 1LI<E<LT[GeV] i 1 0.4 eVl — Kaon-MAID
0.9<c0s8,y_,<1.0 i \ ——- SLA
— \ i 1 b DN e el |
}____kn: :\lu;u IAID i i _ (% —— PH2——
= i % \ - > -
....... K°A. PH1 Y AN -} S~
—=K'A, PH2 j | = 0.2 P o
Sl J g - - < \T‘_;.‘
- s ir \ = L i
KT 7 \ I = T
s E = L =
HL T A F s -~
m e K D
s i
[ rmermrmsrom i, s I T S B T A
001 02 03 04 03 06 0 05 D 0 05 i
Pyo GeViel €os B,
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65M: Kaon emission angle in the yn
center-of-mass frame

Legendre fit

Angular distribution:
Flat -> Backward enhancement

This result supports the experimental
remark in the previous measurement
for the yn - K°A reaction reported
by K. Tsukada et al.
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Total Cross Section
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Total Cross Sections
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Differential Cross Sections and theoretical curves
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Summary

« The yd — K°Ap photoproduction reaction is studied with electromagnetic
calorimeter complex FOREST at ELPH, Sendai

« KO signals are well confirmed by yd —» K3Ap - (r°7°) (pn~)p - (4y)(pr 7 )p
reaction chains with an exclusive analysis

0 invariant mass distribution can be well

9797~ p non-resonant reaction

* Shape of the background shown in the t°m
reproduced by the simulated distribution of yn - @

e Differential cross sections show backward enhancement as Ey increases
(This result supports the remark of the previous measurement)

* Comparison with the theoretical calculations may indicate that the hyperon
resonance plays an important role in this reaction at higher energies

 The total cross section shows comparable order of magnitude to the K*A
photoproduction cross section

e An excess-like structure was observed in the vicinity of 1670 MeV it may be related
to the prominent structure observed in the yn — nn reaction

* The first measurement for the K°A photoproduction proposes new constraints for
the theoretical interpretations on the mysterious N(1670) peak structure



