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Motivation

_,

O Understanding the strong interaction mechanism

in the non-perturbative QCD energy region is one

of the main challenges in quark nuclear physics.

O Measuring the properties of hadrons in the non-perturbative

QCD energy region is one of the powerful tools to understand the
hadron structure and strong interaction.

O We experimentally measure unstable hadron spatial dimensions
via photo-production in the baryon resonance region (BGOegg:

1.3-2.4 GeV; FOREST: 0.5-1.2 GeV) through identical meson Bose-
Einstein correlations.



Motivation

BGOegg exp. : 1.3-2.4 GeV
FOREST exp.:0.5-1.2 GeV excited decay to ground state

Y AMANANS v o OND) e \N/ -

Correlation function:

I12(p1, P2) A~
/

@) _ ;
g7 (P p2) I, (p1)1:(p2) ,'I/SS 5
!

2 or more than 2 <
Assuming Gaussian density P> .9 identical bosons
distribution of emitting source

gD (Q) = N(1 + 2,e7762%)

y Bose-Einstein Correlations between
identical particles provides a tool to
measure the space-time properties
of the boson emission source.

n.O

® Bose-Einstein @
7  Correlations '3
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Motivation Hanbury Brown-Twiss (HBT) Effects

Robert Hanbury Brown Richard Quentin Twiss
1916-2002 1920-2005

1956 , Robert Hanbury Brown and Richard Q. Twiss introdu
ced the intensity interferometer concept to radio astronomy f
or measuring the tiny angular|size of f Sirius

Hanbury Brown- Twiss (HBT) effects

Bose—Einstein correlations (bosons)

Fermi-Dirac correlations(fermions)



Motivation

Sirius

(ERE1/ON
AMPLIFIER

THE HANBURY BROWN-TWIS
S INTENSITY INTERFEROME

TER AT NARRABRI, NEW SO
UTH WALES, AUSTRALIA
Picture from : http://quantumta
ntra.com/quim.html

Hanbury Brown-Twiss (HBT) Effects
/—

Sirius angular size:

0.0063"

| Intensity interference
:‘.':;’LO \\\\ g(z)('rl rz) _ (I(rl)l(rz))
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Fig. 2. Comparison between the values of the normalized cor-

relation coefficient 1"*(d) observed from Sirius and the theoretical
values for a star of angular diameter 0:00683". The errors shown
are the probable errors of the observations

Fr3&JE - Hanbury Brown R 1956 A test of new type
of new steller interferometer on SIRIUS Nature 178
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Motivation Hanbury Brown-Twiss (HBT) Effects
—

1960s,HBT in particle physics Bose-Einstein correlations (BEC) of two pions

Like p=0.75 Unlike p= 0.75
28 (a) (b) }/

SM_
,—,f’/f\umm
;fﬂfr/f
6 {
: s . ; L )
HO #05 0 =05 -0 40 +05 0 -05 -0
Cos @

F16. 6. The functions ®..(cosf) computed at p=0.75 are
compared with the experimental distribution of angles betwecn
pion pairs. Figures 6(a) and 6(b) give the distributions for like
and unlike pions respectively. Also shown in each is the curve
for ®,,5M(cosf), the statistical distribution, without the effect of
correlation functions. Here &, represents an average of &, ®s,
and @, weighted according to the individual charge channels,
The experimental data comes from reference 1 (see also Table I,
footnote a).

Ref : G. Goldhaber, S. Goldhaber, W. Lee, and A. P
ais, Phys. Rev. 120, 300 (1960).

Non-symmetrized two-particle wave function
s ilkin+kyn)
v 0= e' T

Symmetrized two-particle wave function
\Ps _ [ei(klrl+k2r2) + ei(k1r2+k2r1)]

BE_\/E

Lawrence Radiation Laboratory and
Department of Physics, University of

California, Berkeley, California

Annihilation in a bubble chamber. False-colour image from a hydrogen bubble chamber showing th
e annihilation of an antiproton (horizontal line entering at left) and a proton. The annihilation even
t has occurred at the intersection point just right of centre. Only charged particles leave tracks in s
uch chambers; the passage of neutral particles has to be inferred from these data. Spiral tracks are
due to low-energy electrons and positrons. In modern, extremely high- energy particle experiment
s, the bubble chamber has been supplanted by electronic detectors. 7

& F k& : https://www.sciencephoto.com/media/1355/view



Motivation

HBT in heavy ion collisions

Hanbury Brown-Twiss (HBT) Effects
_L

Table 1: The two-pion emitter dimension r, and the chaoticity parameter A\, obtained from Bose-
Einstein Correlation (BEC) analysis for a variety of hadron reactions. The data marked with a
superscribe ¢ indicats the choice for the reference sample is the 7*7~ data sample, while ¥ means
the reference samples are either Monte Carlo generated events or a sample constructed by the event

mixing technique.

BE — System Reaction Experiment | E,, ra(fm) A2
L ete” - h MARKII [2]| 29 0.75 = 0.05° 0.28 & 0.04%
0.97 £0.11% 0.27 £ 0.04%
o te~ >h TPC [3 29 0.65 = 0.06° 0.50 £ 0.04°
o ete” —h TASSO[4] | 34 0.82 £ 0.07° 0.35 £ 0.03%
o ete” - h  AMY [5] 58 0.73+0.21¢ 0.47 £ 0.07¢
0.58 £ 0.06° 0.39 + 0.05"
o ete” —h ALEPH [6) | 91 0.82 £ 0.04¢ 0.48 + 0.03%
0.52 = 0.02° 0.30 +0.01°
o e*e” > h DELPHI[7] | 91 0.83 £ 0.03¢ 0.31 £ 0.02¢
0.47 £+ 0.03° 0.24 £ 0.02%
o ete" - h L3[§ 91 0.46 £ 0.02° 0.29 £ 0.03"
o ete” > h OPAL [1] 91 0.96 £ 0.02¢ 0.67 £ 0.03¢
0.79 £ 0.02¢ 0.58 £+ 0.01°
S Yy —=h 2] 5 1.05 = 0.08 1.20+0.13
S Fy— 6= [11] 1.6-7.5 0.54 £ 0.22 0.59 £ 0.20
gt v(#)N - h [12] 8-64 0.64 % 0.16 0.46 = 0.16
gt up — h [13] 23 0.65 = 0.03 0.80 £ 0.07
G tp—h  [14] 21.7 0.83 = 0.06 0.33 +0.02
gt pp—h (15] 26 1.02+0.20 0.32+0.08
gt pp—h [16] 27.4 1.20 % 0.03 0.44 £ 0.01
wig: pp— h 17 63 0.82 £ 0.05 0.40 £ 0.03
L p—h (18] 1.88 1.04 £0.01 1.96 + 0.03
gt op—h [19] 200-900 0.73 £ 0.03 0.25 £ 0.02
gt ep — eh [20] 245<Q., <10 |0.68=0.06 0.52 £ 0.20
rtpt ep — eh [21] 10.5 < Q- 0.67 = 0.04 0.43 +£0.09
%0 ete"—>h L3[8,9 91 0.31+0.10° 0.16 + 0.09"
700 ete-—h OPAL[10] | 91 0.59 = 0.11% 0.55 £ 0.15%
kEk* ep — eh [22] E, :21.5;E, : 820 | 0.37 = 0.07*5-0 0.57 +£0.091 002
KQKQ ep — eh [22] E, : 21.5;E, : 820 | 0.70 + 0.19*0- 24038 .63 + 0.09+001+009

3 0,0

L (a) L3 mr ° Data

1.2 — Fit

---- Normalization

¥
. [
o :
0.8 b——1L : 3
e 1 1.5 2
[-- -y Q[GeV]
# E(b) L3 x'x* e Data
| N 2| — Fit
----Normalization
u'm ~ i1k
no S |
—/
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0.8:‘ L , )
05 1 1.5 2
Q[GeV]

Fig. 4. Distribution of g2(Q) for (a) n0n0 a
nd (b) m+n+, and results of the fits. The poi
nts indicate the data, the full line correspon
ds to the fit result and the dashed line is the
normalization factor N(1 +aQ).

Ref: Achard P, et al 2002 Bose—Einstein correlations
of neutral and charged pions in hadronic Z decays
Phys. Lett. B 524 55-64 S



BEC measurements in the non-perturbative QCD energy region
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Photoproduction in the non-perturbative QCD energy region
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BEC measurements in the non-perturbative QCD energy region
—,
(1) Event mixing method

low energies
low multiplicities

high energies
high multiplicities

strongly disturbed by non-BEC
factors of exclusive reactions with a
low multiplicity such as global
conservation laws and decays of
resonances

weakly disturbed by non-BEC

factors such as global conservation
laws

Complicated kinematical constraints

Simple kinematical constraints

(2) Resonance decay effects

I

T
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Event mixing method
ket

0
0 Ub 0
7T1a a 7r2a,

0
1

e a
S D1 S 2a
P2 Tla

Ts. mi ticl

0 0 ~ IMISS particle

T1p Top ‘A

miss : (Emiss, ﬁmz’ss)

S: (Es, P S : (Es, P .
0 (Es _,S; 0 ( (Es _,S; No Constraint Constraints:
s . Ela,Pla, Vg . EQQ,PQG
1: ( 5 2(? = Emiss = Es — E1q4 — Eaq
Tip : (1, Pib) Top = (E2b, Pab) . L .
— — Pmiss=PS_P1a_P2a
p1: (E1, P1) p2 : (B2, ) ) . )
Emiss - Pmiss = mp
(a) Event 1 (b) Event 2 (c) Mixed Event (d) Mixed Event

Appropriate mixing cuts should be applied in the mixing

> Missing mass consistency (MMC) cut : |mP* — m@"| < Mgy,

> Pion energy (PE) cut: events with pion energy higher than a given level are rejected
> Energy sum order (ESO) cut: min(ES:L, EOT2) < EMiX < max(ECTil EOi2
> no overlapping photon clusters (used to correct the detection efficiency)

> ...... 11



Event mixing method
.  —_—

® Nec(QN, (@ N=1.01
~ r,=0.79 +0.02 fm

wwanil  Appropriate mixing cuts in event mixing:
MMC + PE cuts

® NozoQN,, (@ N=0.76 | 2[fs
ry=031=0.03 fm
A, =0.7820.17
a,  x2/ndf=47.0124

1 N=1.00
r;=0.73+0.01 fm

r,=0.41+0.02 fm

1, =0962002 A oM@

N (Q)/N 0'
A, =095x0.06 & e

08F . 2 nag=23.1/24 src [05F /ndf-21 a4 BEC2 C
0 0.2 0.4 0.6 0.8 0 0. 2 0. 4 0.6 0.8 r ® Generation [ ® (Generation
2L @ No @M, (@ N=1.01 21 @ N @N, (@) N=0.99 2 O Mixed (single) 1= o Mixed (single)
. r,=1.22:0.03 fm ry=1.57 0.04 fm E . . T A Mixed (multi)
i5 1,=0722002, F %,=0.77 0.03 i 4 Mixed (multi) :
: ¥ /ndf=51.4/24 | % /ndf=63.1/24 — 1.5 L
" E o
1 N=1.00 1 N=1.00 - + 0 57% g
r,=1.05+0.02 fm r,=1.36£0.03 fm S - .
05 1 =0965002 A& Naec@N (@ 05k 1 =0942003 A Naecl N, (@ C g i % é - é é é
b y2/mdf=21.4/24 BEC3 |7 OF #*/ndf=25.2124 BEC4 r % g A L
0 0.2 0.4 0.6 0.8 0 0. 2 0. 4 0.6 0.8 0.5 -
2r e NN, @ Nogeg | 2 @MNex@N, @  No 1 - i
ry=0220.11fm| | ry=0.76 +0.04 fm Cov v v o—t L
1.5] ! 1, =079=110 |, b ’ 2,=0.29+0.01 0 1 1.05 11 115 1 1.05 1.1 1.15
i SV 2 ndf= (e R -
o 72 /ndf=62.6/24 | " § %2 /ndf=50.1/24 (a) E, (GeV) (b) E, (GeV)
£ TrN=091 & 1

r,=0.42+0.03 fm

r,=0.74+0.02 fm
), =048004 4 N, of A NN, (@

%,=0.49 2001 o

Fig. Fitted values of r, (a) and A, (b) obtained by event mixing in

: ;(2/ndt‘l=25.5/24I . BECS . X’/ndf|=23.3/24I . BEC,6 . i o ) o .
o= 04 08 0F v 02 04 0F 08 a single-and a multi mixing (up to 10 times) mode at six incident
® Neeo@N, @ N=1.00 ® Noco@M,, @ N=1.00 )
. r.,=;2.z=903%350$ . r»=;z~6:00f401-0:0f£ photon energies E,=1.0, 1.03, 1.06, 1.09, 1.12, and 1.15 GeV for

%?/ndf=48.1/24 x*/ndf=59.1/24

the yp - n°n®p events. For comparison, the values of r, and A,
for the generated sample with BEC effects are also shown.

N=1.0
r,=1.35£0.05 fm
%, =046+003 A Nex N (@

r,=1.05+0.03 fm

K, =0495002 A N @ON

%? /ndf=25.5/24 BEC,7 %% /mdf=25.8/24 BEC8
0 02 04 06 08 0 02 04 06 08
2| o Nes@N,_ (@) —0. . . . . .
£\ =0.0620.03 b Fig. The ratio of the Q distribution of the generated BEC/noBEC sample, Ng¢-(Q), to that from
A, =0.55+0.33 BEC
18 2 Indi=35.5/24 the mixed events, N,,. (Q) (filled circles). The ratio of N;-(Q) to the Q distribution of pure phase
Mix BEC
1 .- space sample, N,(Q), is also shown (open triangles) in each panel for comparison.
[

0.5

I [1] Q. He, et al., Acta Phys. Pol. B 51, 463 (2020); [2] Q. He, etal., Prog. Theor. Exp. Phys. 2017, (2017);

[3] Q.-H. He, et al., Chinese Phys. C 40, 114002 (2016).
Q (GeV)



Correlation observation model

CGrmmm—m——————

H. Shimizu, ELPH Annual Report, 2017



Correlation observation model

3-d correlation function a?q az 2
Z
Cec(q,p2) =1+ Adexp (— > exp (— >]0(,3 qr)

2

a . Gaussian radius
)]O(,B r) .

A: correlation strength

=1+ Aexp(—a?q2) exp (—

g : relative momentum of two pions in the
frame of A at rest
q = (q,,0,q,) in cylindrical coordinates g% = g2 + q?2

g - 1
sz
. 08 ° J0=1/nJ.cos(xcose)d9
p2: A decay.ed pion 3-d S —ROOTObuiIt-in TMath::BesselJO(x)
momentum in the frame o
Space-time coordinates of A at rest o
of A at rest N3
Jo(B4qy):
Oth-order Bessel function N

14
[1] H. Shimizu, ELPH Annual Report, 2017; [2] Q. He, in J. Phys. Conf. Ser. 1643, 012010 (2020).



Correlation observation model
/—

Correlation functions at different p,

a2q? q
Cec(q,p2) =1+ Aexp(—a®q;) exp| — > a Jo (2; )
2

p2=0.05 GeV p2=0.15 GeV

1.8

1.44




Results of FOREST and BGOegg experiments
S ————

FOREST Experiment

0.5-1.2 GeV
photon beam

yp—1'n’p

16



Results of FOREST and BGOegg experiments

4n Electromagnetic detector complex FOREST
EM Calorimeter

LEPS Backward Gamma

LOTUS o o .y SCISSORS IIT
- 192 Csl; 0: 4°-24°, ¢:full
Res. : 3% @ 1GeV

Backward Gamma
252 Lead/Scintillating
fiber modules;

0: 30°-100°, @:full
Res. : 7% @ 1GeV

Raftlesia 11
62 Lead Glass modules;
Res. : 5% @ 1GeV

Plastic Scintillator

SPIDER (2 layers x 24 modules
IVY (18 modules)

LOTUS (12 modules)



Results of FOREST and BGOegg experiments
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Identification of yp->nn’p

x10°
n’ : ﬁ |
7[0—)2fy 2005_ 1600/
: 150:— 1000:—
* Two neutral clusters with | ; M,
100 i
At=[-1.5,1.5] ns. E ) %
501
* Invariant mass = Mo AT AT - . © 100 200 300
mzyy =2EY1E«{2(1—COSO«/ IYZ) Time difference between two photons (ns) MYY (MeV)
Proton M b
3
400?_(10 Entries hI.71c(:;261e+07 r I hmmdt
| o =
* Delayed charged cluster wrt. the - i
_ . — Neutral 300/~
average time of the selected 2 pairs __ [ —— Charged :
200 B Unidentified 200/~
of coincident photons (t4y) o0} o0l
* Miss mass Mx of yp—nnX is : . ,
0 P —— 0.4 0.6 0.8 1 1.2 1.4 1.6
10 mX (GeV)
equal to the proton mass
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Results of FOREST and BGOegg experiments

The best combinations of the
two paris of photons

FOREST 2009D

N hmpi

Entries

.| RMS x

913525

o | Meanx  0.001341
Meany -0.0007484

0.01717
0.01882

N
TN

AN

RMS y

/—
Invariant mass and missing mass

Missing mass distribution of
the hypothesis yp—n’n’X

hmx

25000 Entries 913724

B Mean 0.00211

- FOREST 2009D RMS  0.06447
20000~
15000}
10000}
5000

0:|||A|||||| nnnnnn ]lllllllll(ll ]llllllllllllll

-04 -03 02 -0.1 0 0.1 02 03 04
mx - mp
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Results of FOREST and BGOegg experiments

—

yp—n’A—na’n’p process is dominant in yp—n'a’p

A-l—

0
P L

[ 1103 - 1148 MeV

v

1069 - 1103 MeV

7

1038 - 1068 MeV

1011 - 1032 MeV

-

o= 5

[ 994 -1006 MeV

981 - 992 MeV

L
el

e

T

962 - 976 MeV

o=

v

947 - 959 MeV

F' 924- 940 MeV

W

905 - 920 MeV

W

879 - 897 MeV

%

859 - 875 MeV

E 831- 852 MeV

¥

807 - 823 MeV

@

779 - 800 MeV

748 - 770 MeV

02 04 06

0.8 02 04 06 08

m2(nn°) (GeV?)

[1] Q. He, in J. Phys. Conf. Ser. 1643, 012010 (2020)

0204 06 08

02 04 06 08
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Results of FOREST and BGOegg experiments

T

O

0

Correlation function:

correlations

Signal sample: %n? relative

/ momentum distribution

I17,(p1,02)

2) —
g (p1,p2) I (p) 12 (p2)

Assuming Gaussian density
distribution of emitting source

[ N=1.00
- A, =1.00

0.5

r,=0.30 fm
ro=0.60 fm

XXXXXXXXXXXXXXXXX

L 1 1
0 02 04 06 08 1 12 14

Q (GeV)

Q2

l "~ Reference sample : 7%7°

_(pl - p2)2 = (p1 T p2)2 - 4“

2

relative momentum distribution

9D(Q) = N(1 + 2,e78¢") 1

Constructed by event mixing method,
in which a reference event is built by

taking two 1t%s from different events.

Appropriate mixing cut is required!

1

A package named ‘EMBEC’ based on ROOT framework prepared to perform event mixing

21



Results of FOREST and BGOegg experiments

Preliminary results of n®n® correlations in yp - pn®n®

T

LR

fit(Q) = Ny (1 + ,EXP(—12Q?)) +

Fitting trial (4)

Fixed parameters:
Mf980 == 980 MeV
Limited parameters:

)'2:[0'1]
M, = [300,700] MeV
[, =[100,700] MeV
lambda

- ...+,.+++ seececie

]
++Limits: [0, 1]

N, MET% Q n
2
(Q%+ami—MZ)"+MET5 g1 lQ2+4m2
N, M]2°980F]2° Q
2
(Q2+4‘m121_M]%980) "‘1\’11%9301-‘]2r 8T ’Q2+4m,21
Fit results:
radius
1-_ é 1
AR AR
i (1] NN
0.5 ‘§§+§§ + *’ + *++§ ~ 0.5
0 058 019 ‘ll 1?1 0
E, (GeV)

0:8 019 ‘; 1I.1
E, (GeV)
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Results of FOREST and BGOegg experiments
/—L

LEPS2/BGOegg Experiment @ Spring-8

LEPS2/BGOegg Experiments

A large acceptance electromagnetic (EM)
calorimeter BGOegg (Fig.1) was constructed at
ELPH, Tohoku University. This calorimeter
system has been transferred to the new laser
Compton scattering beamline LEPS2 at SPring-
8, where a 1.3-2.9 GeV photon beam with high
linear polarization is available. The phase-1
experiments have started from 2014 April with
the EM calorimeter BGOegg and the additional
detectors for charged particles. We are now
upgrading the experimental setup by covering
most of the solid angles with EM calorimeters to
start new data collection in the phase-2
experiments.

Physics

Fig.1 A picture of BGOegg inside the thermostatic booth (Left) and the drawings of BGOegg (Right).

23



Results of FOREST and BGOegg experiments

LEPS2/BGOegg Experiment @ ~‘S_pring-8

o ]
@. k > AT g, \ GeV electron g Large acceptance
! Vladivostol 23 el . S » ecolt etectron .
LR ol N g EM calorimeter
Y fi S 2 S i (tagging)

# BGOegg

/
/

LEP

LEPS2
spactrometer

High intensity : ~107 photons/s g o

Resistive Plate
Target BGOng Chamber (RPC)
(LHZ’C) //’,7”
Charge Veto 210 _ 88 V) % 3.2m(E)

Counter

Cylindrical g
Drift Chamber (CDC) E94tr91 asgo&g{loid e
Inner Plastic Scintillator (IPS) Drift Chamber (DC)
0 1.6 125

N. Muramatsu and M. Miyabe, Proposal for the BGOegg Phase-II Experiment — A study of the n’ mass inside a nucleus (2022)

H. Shimizu, A trial to measure a spectral function of " mesons, ELPH Annual Report 2017, 103 (2017)
Yuji Matsumura, Calibration and performance of the BGOegg calorimeter, ELPH Workshop, C010, (2015) 2 4




Results of FOREST and BGOegg experiments
S ————

EM calorimeter BGOegg

« 1320 BGO crystals ( 22 layers X 60 )
« coverage : 24°-156° in polar angle

Crystal length: 220 mmi< ( ~20X, ) ,

0.07 _ \ Energy resolution

o i\:.s% at 1 GeV

- &8\8\9&6\&&%\ :

ﬁ\: Position resolution
N\, 3

(=)
[
N

H11334 (R11265)

S
S
w

H6524 (R4125) )

%)

=
S
(NS}

/A
[
Energy Resolution 6 ./E
(=) (=)
S [}
> =

(2]
=
S
—_

Position Resolution (mm)
() —_ o (95} EEN w N |
[

IIIIIIIIIIIIIIII
00 200 400 600 800 0 200 400 600 800
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\
—200

NV

+400
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Results of FOREST and BGOegg experiments
S ———

w.r.t the vertical plane

XX’(0 'f Uu’(+60°

a0

section view

6mMmmM&E—® O O O

8mm

v

VV'(-60°

)e  hexagonal frame
* Diameter of incircle is 1280 mm
* 16 mm square cell
* 6 layer
XX'(0° ),UU'(+60° ),VV'(-60° )
* 80 ch/layer
Ar/C4H10 gas (but P10 gas in Dec. runs)

Drift times is recorded by LeCroy TDC
3377

Cathode (Alminized Mylar) 25 pm
Sense wire(Au-W) @30 pm

@ Potential wire(Au-BeCU) ®80pum

= 480 readout channels

= Coverage: 0°-22° (polar angle)

= No magnetic field

Forward drift chamber

potential 200V
§ 1 00: i - fqu
= i > °
98- ©“ e
> i
% 96:— X
i o X’
94 ! =U
- | U
921 ~V
i | v
90 Lo T S R TR NN S TR SR S N S R R
2100 2200 2300 2400 2500
HV[V]

Position resolution

12000 7000
- 0=0.234
10000 °; %%70%32 o | 50% + 0.0006 mm
80001 - Y 5000
6000 4000
3000
4000 2000
2000 1000
G 1 1 c L L 1
-1 -0.5 0 0.5 2 -15-1-050 05 1 15 2
- residual[mm] residual[mm]
fit w/ self fit w/o self
oy :residual's o by fit w/ self
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Ref.: N. Muramtsu, LEPS2/BGOegg experiment, Q-PAC, 2014,1.29
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Results of FOREST and BGOegg experiments

/—
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Results of FOREST and BGOegg experiments
| ———

Correlation function
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Summary
/—l_

A/

‘¢ Prelimmary BEC results on

FOREST experiments  get the 1 + ¢
Gaussian ~ radius  of  the & | + hj}“* q
intermediate  state  (A(1232) = °F *tef¢d + *

resonance 1s dominant) 1 yp —
T[OT[Op around Ey"’l GeV 0.8 O.QE.,(GeV; 1.4

¢ Still need to refine this analysis to get BEC results from pure
A(1232) events and to estimate the systematic errors...

» A very preliminary m%rn° correlation results with EMBEC
analysis method for BGOegg experimental data in the
photon beam energy region (1.3-2.4 GeV) are obtained.
More accurate results are on the way.
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Other physics studies at BGOegg
_

16

4 E -50<E,,-E;<50 MeV, cosf,.:<-0.9 | ol
C DWIA, W,=-12 MeV, P"=12.1% X
= 12 oo v=-100 MeV (F=0.35:0.09) s
5 1o T V=20 MeV (F=0.3810.10) 2%
I . o %‘_‘ 8 :_ 2 X
e - P’ S
O n' mass inside a nucleus g of
§ ; __ : 0%
= W experimental upper limit
2 //;\:x =
E - )X\l 1 L 1 1 1 1 1 1 1
00 10 20 30 40 50 60 70 80 90 100

Q f,(1285) meson photoproduction e

FIG. 4. The experimental upper limit of (do/dQ)&L" at
the 90% confidence level, and (do/dQ)j.l: as a function
of Bry_yn-

Phys. Rev. Lett. 124, 202501 (2020).

O Photoproduction of n' mesons from

nuclei near the production threshold

O Photon beam asymmetry of the '

photoproduction on the proton
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