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Today’s Aim : Providing new input data for the PWA model

calculations to study baryon resonances (N*, A").
PWA itself is not used to extract this “input” data.

» Introduction of Spring-8 LEPS2/BGOegg experlments

aroduction experiments by a Laser Compton Scattering (LCS) beam.
> D|fferent|al cross sections & Photon beam asymmetry
Especially, the beam asymmetries at &, = 2 ©2V/ are new.

= 1t photoproduction off proton
=~ 11 photoproduction off proton
>~ @ photoproduction off proton



Photon Beam Facilities in Japan

ELPH, Tonoku Univ.
Bremsstraniung Sapporo
0.9<E <1.25 GeV

Spring-8

Laser Compton Scattering
LEPS : 1.5<Ey<2.9 GeV
LEPS2 : 1.3<Ey<2.4 GeV

LEPS2 Experimental
Building (2013 ~)

LEPS Experimental Hutch
(1999 ~)




Laser Compton Scattering

* LEP (Laser Electron Photon) beam has nearly flat spectrum up to Compton
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* LEP intensity is 3-order higher than Bremsstrahlung radiation by residual gas.

* LEP beam polarization ~¥95% at maximum energy.
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LEPS2 Beamline

] 8 GeV electron Q\o“ A0S
e Beam Divergence in Storage Ring A CO et
N

<o, >=58 urad

@LEPS 7.8m straight section
U

<o,,>=12 urad

@LEPS2 30m straight section

Only 4 of 62 beamlines

A
ot

UV lasers
(355/266 nm

Beam dump

Experimental Site (135m)

LEPS 42m? (area) x 3m (high)
U

LEPS2 198m? (area) x 10m (high)

AR-coated mirror
w/ stepping motor

15 times in volume !



Three Detector Setups at SPring-8
| iesemer) | Leps2(eLsLER)

Tagged y Energy E >1.5 GeV E >1.3 GeV
Max. E, is 2.4/2.9 GeV. (UV/DUV Laser Injection)

Tagged y Beam 2-Laser Injection Max. 4-Laser Injection
Intensity 2x10° cps <107 cps
Detector System Charged Spectrometer with  Covering Large Solid Angles
Forward Acceptance BGOegg / Solenoid

EPS2/Solenoid (2017 ~ )

PS experiments LEPS¢ 0egg
m
DO ~ 2.22 t 2014 ~ )
“w‘ﬂ‘m- 7
it

Y counter Electromagnetic Calorimeter

W 96°¢C

Jle-Magnet
Start Counter 0.7 Tesla DC2 DC3



LEPS2/BGOegg Eexperimental Setup

60 crystals x 22 layers
covering 24°~144°

BGOegg °:- 1.3% @ 1 GeV

Cylindrical Drift

30 slats Chamber (CDC)

MPPC readout
Inner Plastic
Scintillator
(IPS)

position resolution : 300 pm
Only DC is used for LH, analyses.

Drift Chamber (DC)
z=1.6m, 6<21°

Upstream
Charge Veto
Counter

Z=12.5 m, 6<6.8°

Cqor = 80 psec
=0,=1% @ 2 GeV/c

Target Carbon (20 mm) = Searches for n’-mesic nuclei or medium modification

LH, (54 mm) = Photoproduction of % n, ®, etc (baryon resonance)

7



Large Acceptance EM calorimeter BGOegg

‘Egg’-shape assembly of 1320 Bi,Ge;0,, crystals without supporting structures b/w crystals.
Each BGO covers ~6 °in (0,¢) with L =220 mm (20X,). There are 22 layers.
World-highest energy resolution in the energy region below 1 GeV. (1.2% @ 1 GeV)
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Large Acceptance EM calorimeter BGOegg

* ‘Egg’-shape assembly of 1320 Bi,Ge;0,, crystals without supporting structures b/w crystals.
* Each BGO covers ~6 ?in (6,9) with L., = 220 mm (20X,). There are 22 layers.
* World-highest energy resolution in the energy region below 1 GeV. (1.2% @ 1 GeV)
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Large Acceptance EM calorimeter BGOegg

* ‘Egg’-shape assembly of 1320 Bi,Ge;0,, crystals without supporting structures b/w crystals.

* Each BGO covers ~6 ?in (6,9) with L., = 220 mm (20X,). There are 22 layers.
* World-highest energy resolution in the energy region below 1 GeV. (1.2% @ 1 GeV)
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Summary of Data Collection

C: 1.31x10?2, CH,: 1.58x10*2 with RPC

2014A e (In total, C: 4.29x102, CH,: 2.56x10%2)

(Apr.~July) [20 mm] oot comnle far womecie nuelei conreh £ 1 o
Test sample for n’-mesic nuclei search & yp analyses

20148B LH, [40 mm] Hori: 2.24x1012, Vert: 2.01x10%2

(Nov.~Feb.) 2 N’ physics, etc (with spin observable)
12 . 12

2015A Carbon [20 mm] 9.77/><10 ‘(Vert. §.9731? )
(Apr.~July) 1n’-mesic nuclei search

2015B LH, [40 mm] Hori: 2.87x1012, Vert: 2.92x1012
(Sep.~Dec.) 2 Additional data for yp reactions

2016A LH, [40 mm] C: 7.04x10"2 (LH,: 1.44x10%?)
(Apr.~July) Carbon [20 mm] Additional data for 7’-mesic nuclei search

2017A 0.41x10*2 (all horizontal)

(May) 0| B0 Test sample by 1-week data taking

2017B 1.43x10*? (all horizontal)

Cu[7.5

(Jan.~Feb.) u{7.5mm Forward gamma detector was installed.
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BGOegg Physics Program 1 : ’-mesic nuclei search

Tagger

photon beam energy (c~12

Missing mass

Search for a bound state
N Miac(y,p~Ma1e=My

Nucleon absorption signal of n’

at BGOegg —> S/N improvement

n'p->np REClOla

(back-to-back)

d’c

RPC-TOF (0~80 ps)

forward proton momentum (o~1%)

150MeV shift

2C(v,p) : Ey= 27Gev Wo =-20 MeV
: -1 1000
E 3 (Opgp)y® P,y (Op3/), ® dy'
@ -1
5 |0s1), @Sy f A
£ 2p P Al 0pgyo), @
H
g iy
o il
Vgl
S 1} / 12y Op3p), ®9,
// l"‘.” \V \'~
0 S it N e
-200 -100 0 100 200
Eex - Eg [MeV]
n tag in M('Y'Y) H. Nagahiro et al.,
PRC74 (2006) 045203.

proton PID (dE-E)

anomaly term
effect

0
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BGOegg Physics Program 2 : Baryon Resonance

» The studies of excited bharyon resonances at 1.5—2.5 GeV/c” are important
for understanding the constituent quark model and beyond.

ex. missing resonance,

> At first, we start from the studies of nucleon resonances (N*) vian /o / 1’
(isoscalar meson) photoproduction for simplicity. Especially, then & n’
mesons couple with the N”s including == quaris.)

» The N”s have broad widths overlapping with each other. The measurement
of the photon beam asymmetry in addition to the differential cross section
helps to decompose the N's with the interferences of helicity amplitudes.

o  |Hy|? + |Ha|? + |H3|? + |H,l?

> o Re(HH," + HyH3")

The photon beam asymmetries for El,%z GeV are very scarce.
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BGOegg Physics Program 2 : Baryon Resonance

> 1° photoproduction : &) 1=1 = Both N* and A* contribute at s-channel.
’® Traditional & Many existing data
= Check of analysis method & luminosity.

Can we expect any new knowledge from the n° photoproduction ?

- Photon beam asymmetry above 2 GeV.

- Discrepancy of CLAS & CBELSA differential cross sections

at low energies & backward angles.

@: CLAS [PRC 88
(2013) 065203]

O: CBELSA [EPJA 39
(2009) 373, PRC
81 (2010) 065210]

LT
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n° Photoproduction Analysis

Event Selection
E, meas. (1.3—2.4 GeV) at tagger.
No e*fe™ contamination at UpVeto.
2 neutral clusters at BGOegg.
n0—yy (Br=98.8%)
Proton detection at DC or BGOegg.

~>

Kinematic Fit
Better S/N ratio & resolutions.
v? probability cut at 2%.

BGOegg

Entries 647058

140000;
120000;
100000; ~650K events
60000 after the 2 p
60000;
40000;

20000

07\\\\\\\\\\\\\ I BRI R A [

remains
rob. cut.

Il Il Il Il Il
0] 50 100 150 200 250

M(yy) [MeV]

[ BRI R
300 350 400

LH, target

IPS

Required 4-momentum conservation
& 1t® mass (PDG value).
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Acceptance for the yp—n®p reaction

Acceptance measurement was iterated by using the MC sample of the yp—n®p reaction.
Started from the phase space and took into account the differential cross sections in MC.
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Differential Cross Section of yp—>n°p below 1.9 GeV

22 energy bins for 1300<E,<2400 MeV & 17 polar angle bins for —1.0<cos 05M<0.7

@ : this work (BGOegg), [1: CLAS [PRC76 (2007) 025211],

O: CBELSA [PRL94 (2005) 012003], A: CBELSA [PRC84 (2011) 055203]
<> :GRAAL [EPJA26 (2005) 399], % :LEPS [PLB657 (2007) 32]

Note: The histogram indicates the systematic error of the BGOegg meas.
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Differential Cross Section of yp—>n°p above 1.9 GeV

Closer to the CLAS, GRAAL, and LEPS resulis than the CBELSA result at the low E, range.
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Comparison with Model Calculations (rt° cross section)

@ : this work (BGOegg)

——: Bonn-Gatchina [https://pwa.hiskp.uni-bonn.de/BG2014_02_obs_int.htm]
——: GWU SAID [http://gwdac.phys.gwu.edu/analysis/pr_analysis.html]

———: ANL-Osaka [Private communication with Prof. Sato (Osaka Univ.)]

More or less consistent with the model calculations Hecause the differential
cross sections are well dejined by the existing data.
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Photon Beam Asymmetry Measurement

> Vertical & horizontal data were Fit examples for 1900<E, <2000 MeV
summed by adjusting the linear ™| T BT i
polarization directions with 0 _0.1<c0s0,0<0.0 | ' [ —0.2<c0s0,0<-0.1
. = 800 800 [ .
rotations. @ i r .
. 800 - 600 -
» NO acceptance correction Is ® o[ / 400 [ o ’
necessary. 200 7 200 7
1 y 7 eere D F S R
> Flt 2 (-* . - J')*('/‘ ' ° 0 100 200 300 ° 0 100 200 300
cos.o cosd_o
> The-beam asymr-T]et-ry z WaS 1200 g“l/ndf27‘5:cé$7gi 8.198 1200 [ :‘1/"“728475137:1: 7.390
obtained by multiplying the 000 o 0 e o

polarization degree P, to the s00 [ 500 |-

o 7 ).3
fitted 2. -:—; 500 | s00 |
(1 — cos 2)* oo 400/\\.//\

P“;e’ — Plascr

27 + 1 + cos a?) 200 200
Co v v b b v gy Co v v b b gy
Eq.16 of NIM A 455 (2000) 1 7o 0 200 30 "o 100 200 300
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Photon Beam Asymmetry of yp—n°
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Photon Beam Asymmetry of yp—n°
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> The wide angle measurement at £,=22 GeV is new

» Very similar to the other experimental results.

» The LCS results (BGOegg, LEPS, GRAAL) may be

a bit smaller than the bremsstranlung beam results
at higher energies
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Comparison with Model Calculations (X o)

@: this work (BGOegg)

——: Bonn-Gatchina [https://pwa.hiskp.uni-bonn.de/BG2014_02_obs_int.htm]
——: GWU SAID [http://gwdac.phys.gwu.edu/analysis/pr_analysis.html]

———: ANL-Osaka [Private communication with Prof. Sato (Osaka Univ.)]

There are discrepancies at the high energies where exp. data are scarce,
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N Photoproduction
Yp = 1Np

RN y y A charged track mé
at DCor nG0ese 3000;
(Only direction 2500;
Detected at “ . 0epp was measured.) 2000;
10002—
Kinematic fit (11 variables) was done o0
. . C. | U e
in the same way as the ©° analysis. om0 s w0 o e 7
. 2
There are 5 constraints (4-momentum M(yy) [MeV/c?]
conservation and 7 mass) -
3000—
- proton
2500—
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Backgrounds in n Photoproduction

1.82 < /s <1.92 GeV, -1<cos 84" <-0.6 Typical BG contamination is about 5%
2E and subtracted after the y? prob. cut.
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Differential Cross Section of yp—np

20 energy bins for 1820<1/s<2320 MeV & 16 polar angle bins for —1.0<cos HﬁM<O.6

%D'Eg . ® LEPSZBGEOsgg
Ha- —1.0<cos O "<-0.9 ® LEPS(2009)
— D.HS;— ® ELSA{Z009)
E 014 (\’b(*
9 g1z N\
= E W
G \2
© 0.08F Q +
B 0.0 +b+ + # ﬂ—h—+
S onef '|‘+¢ ﬁ;}#*‘F ', %}—_:F +
0.02F . *_+_" ‘.
?: | |'*E| | | I T B | |_+_|
] 1.9 ] =X X T3
Vs [GeV]
%ME NEcench Me_0 2 ® LEPS2/EG0sgg
k=] U2 LOS “' V.S » ELSA[2003)
— 02 ’b‘* ® CLAS(2009)
< '\(\
o) (0
1 0.15 \\
o ﬂi @
S ¢ ! ¢ +
0.
N AL
0.05 “"’:"i “_*. N n
el
1 Ll | | T T T I ;'-l-._m
v ] ] 51 5o 23
Vs [GeV]

~ 0.2
el

= e LEFEZBGOegg
B D.9< co We —-0.8 |« LEPSEZI
o N
E 0.14 _(\ﬁ(
-g_ 012 .6\\
= o @\\
e Af Q¢
5 008
5w | Mﬂﬁ tﬂi Rt
0.04 “&. P ++L -t+
.02
——
?3 I1_I'§|I L1 |-|2 L1 2|1 1 |2.|2| L1 |2.|3|
Vs [GeV]
2% ® LEPSZBGOegg
= 0.1< <0.0
ok & ELSA(Z009)
— 'E < | cLasizom)
n C @‘
3 o2 '\(\
= R
c oise * +Q‘0
3 '
B o 1'#%
T - %
005
g w¥aie, L
E L N
Pz ) z Zi 53 53

More or less consistent with the CLAS result, but not
in good agreement with the LEPS & CBELSA results.

LEPS :
PRC80,052201

CBELSA :
PRC80,055202

CLAS :
PRC80,045213
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Comparison with Model Calculations (n cross section)
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Cross sections have been used for the fit by model calculations.
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Photon Beam Asymmetry (yp—np)

oo 1.82 < /s < 1,92 GeV
i -+
0.6~ ——
The angle dependence is drastically changed DI +44 |
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new measurement
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Comparison with Model Calculations (Zn)
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new measurement
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® Photoproduction off Proton

w—>n’y—3y @BGOegg (Br=8.40+0.22%)
Proton direction meas. @ DC or BGOegg
— Kinematic fit (CL cut @2%, Required 4-momentum conservation & ° mass.) :
Ahout 75K events remain finally.
= Fit a signal + BG function. :# of signals : ~37K events
Differential cross section measurement was done at
17 energy bins for 1810<E.,,<2320 MeV & 18 polar angle bins for —1<cos0®,,<0.8.
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Acceptance measurement
was iterated by adjusting
the kinematics of MC sample
simultaneously following the
measured p°,, and do/dQ.
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Comparison with Model Calculations (® cross section)
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there may be some structure.
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Photon Beam Asymmetry (o photoproduction)

Bonn-Gatchina model [private communication, PRC97(2018)055202]
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Summary & Prospect

» At the highest energy region, the measured photon beam asymmetries of
7% 1, ® photoproduction deviate from the existing PWA model calculations.
= There is

» By using the already collected data, we can explore double-meson photo-
production to study highly excited baryons and heavier mesons. At this stage,
PWA would be really necessary.

» We are going to cover the forward acceptance hole of BGOegg by another
calorimeter (PWO). At this stage, the experiments with a

(neutron) would be possible.

hodoscope

BGOegg
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