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I —
Backward-Compton Scattered Photon

8 GeV electrons in SPring-8
+ 351nm Ar laser (3.5eV) 8W=» ~ 2.4 GeV photon
+ 266nm Solid+BBO (4.6eV) 1W=> ~2.9 GeV photon
Laser Power ~6 W (351nm) =» Photon Flux ~1 Mcps (2.4 GeV)

Ey measured by tagging a recoil electron = Ey>1.5 GeV, AEy ~10
MeV

Laser linear polarization 95-100% = Highly polarized y beam

PWO measurement Linear Polarization of y beam
2 i B
E 25000 |- - o
S - I 3 .
20000 :— tagged a8 :_
15000 :— 08 I ]
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5000 E- L fie :_ Vs Electron Energy = B GeV —:
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New experimental hutch

Cqoling system
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Clusters in the hadron physics

Molecule
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Study at LEPS2
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Cluster in hadron physics

Colorless cluster
Hadronic molecule

Meson as a building
block

A(1405)
KN
Kaonic nuclei
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Cluster in hadron physics

Colorless cluster
Hadronic molecule

Colored cluster
Diquark

@

Confined in hadron

- 4 or 5 quark hadrohn
(exotic hadron)

2|l




Exotic hadrons

Normal hadrons

@ qq meson
@ qqq baryon

q(quark): u, d, s, c, ...



Exotic hadrons

Normal hadrons

“ qq meson
@® 999 baryon

q(quark): u, d, s, c, ...

4 quark
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Exotic hadrons

Normal hadrons

»

|

| baryon
\“/ qqq dary

qq meson

\

q(quark): u, d, s, c, ...

4 quark

Candidates per 2.5 MeV
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5 quark

Exotic hadrons

Normal hadrons

o® qqmeson

:. | qqq baryon

q(quark): u, d, s, c, ...

P (4450)* [uudcc)

Events/(15 MeV)
I

/'P.(4380)" /

' ++ Phs. Rev. Left.

f LHCb

+103, 15201

4 quark

N (RUTON
w0 IO 2)

Phys. Rem
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Exotic hadrons

Normal hadrons

@® qgmeson

-

:‘ | qqq baryon

q(quark): u, d, s, c,
/'P.(4380) / P.(4450)" [uudcd)

200 (b) * LHCb

Phs. Rev. Left.
+ ;1 ”*mw

103, 15201
Meson baryon
molecule? ]
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5 quark

Events/(15 MeV)
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g8 8

4 quark

data-fit

Candidates per 2.5 MeV/c?

Events / 0.18 GeVZ/c*

4500 |

=
[=]
[=]
o

3500 [
3000 F
2500 [
2000 [

B
1500 |
1000 £
500 =
200 F
ot

200 £
3.

P

75 3.|80 S.éS 3.§D 3.é5 4.00
Jhymr Mass (GeV/c?)

Z7(4430)° {
§_ [udcc]

M2t y). GeVarc?

hys. Rem
103, 15201

Phys. Rev. D
80, 031104

/




Pentaquark O+

Theoretical Prediction (Z. Phys.A 359, 305(1997))

A. Baryon with

strangeness(S)=+1, charge(Q)=+1

minimal quark contents : ududs

R

(quark model: 1700~1800 MeV)

2. Light Mass: M(®*) ~1530 MeV

~

Q. Narrow Width: T' <1 MeV [exp.+the§/

-

\_

- photon beam—>ss beam

. Wévw (virtual)

~

J

O2>K'N Mcule

repulsive

Diquark
correlation?
PRLI1 232003

Fall apart

14



®+ Searc h at L E PS (after correcting Fermi

@

n

\ v 2K O 2>K Kn

(Forward

angle

3

Events/(0.02 GeV/c?)

Events/(0.00625 GeV/c?)

Results with higher S/N ratio will open soon!

—_
6]
T

Events/(0.0125 GeV)

N
23

—_
(6] o
T T T T T

o
-

_Illllllllllllllllll
_ b) ]

1.5 1.6 1.7 1.8

1‘.4 1.5 1.6 1.7 1.8 ] 1.9
M(nK*) (GeV/c?)

g 3 §$

" 1 L L | 1
1.5 1.6 1.7 18 1.
M(NK*) [GeV/c?]

=
Fy

Partially subtract
proton events

motion)
[

LEPS 2003

Carbon target
(PRL 91, 012002)

LEPS 2009

Deuteron target
(PRC 79, 025210)

Increase statistics

LEPS 2013

(Few Body Syst., 54,1245)

0T 16 17 18 19 1 5

M(NK") [GeV/c?]




Events/0.00625 GeV/c>2

e
Counter evidence from J-lab/CLAS

photon beam and deuteron target

40

35 F
30 F o

25 ”
: II"

20

Events/10 MeV/c2

it Hﬂ *

.I...I...I...I...*—u.ri.

0 O T 0 B L
14 145 15 155 16 165 17 175 18 185 19 4 s e 17 18 19 5
M(nK") GeV/c GeV/ec

MM(pK)
PRC 79, 025210 (2009) PRL 96, 212001(2006)
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®* search at LEPS and CLAS

angle
AC(n=1.(

N _

i

rge] 5 |
arge Din

ofe Magnet
Start Counter (7 Tesla PC2 DC
TOF Counters

Photons

Cerenkov Counters

—
PRC 79, 025210 (2009) PRL 96, 212001(2006)

LEP S Drift ¢ CL A S rangle Calorimeter Electromagnetic Calorimeter
T R
fOI’W&I’d SVTX DC1 ' /! N :';I"a‘"l u” Miin TOF § lal'ge //>\~<
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®* search at LEPS and CLAS

LEP S Drift ¢ CL A S rangle Calorimeter Electromagnetic Calorimeter
. R
an gle an gle L
AC(n= £ ; /\ o
\0 Angular dependence of production cross section may
solve controversial situation. X

)| "
Photons \\'
N
Target §
arge Dipele Magnet

Start Counter (7 Tesla PC2 DC / 1 \\\\\\\
TOF Counters k—— Cerenkov Counters
PRC 79, 025210 (2009) PRL 96, 212001(2006)
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Solenoid spectrometer

Magnet (BNL-E949)
B=1T
Ap/p ~ 1-5%
for 6 >7 deg

detectors for
photons, charged particles

30 K/n/p separation
<2.7GeV

19



Solenoid spectrometer

* Sideway tracker
* Time Projection Chamber (TPC)
* R=655 mm, 24 layer
* 0,,=150 um, 6,2 mm
* Forward tracker
* 4 drift chambers (DC)
e 6 plane
* Oy,~150 um
* Time-of-flight
* Resistive Plate Chamber (RPC)

 At=70 ps
* Aecrogel Cherenkov counters
« n=1.03,1.05

* Barrel y counter
* Lead plastic sandwich 14.3X,,

20



®* search at LEPS and LEPS2
LEPS LEPS2

)/d — @+K p Detect

Ferm| momentum [e RN KOp _)-
correction
Invass LNO Fermi-motion corr. Invariant mass

Mass resolution 11 MeV/c? Mass resolution 6 MeV/c?
Main background No ¢ meson background
yd - ¢X yd - A(1520)K2p

b > KYK™ A(1520) > K™p



®* search at LEPS and LEPS?2
LEPS LEPS2

| Expected signal

Events/5 MeV/c?

Invmass >Invariant mass
Mass resolution 11 n 6 MeV/c?
|V| in k r N 9; 145 15'15;5 16 1.65 17 1.75 18”1'85”"19
ain background (GeV/c) round
yd - X ya = I\(15ZU KSOp

b > KYK™ A(1520) > K™p



®* search at LEPS and LEPS?2

LEPS LEPS2

Expected signal

—_

o

o
|

(0]
o
T T T T T T T T

Events/5 MeV/c?

Invmass

Mass resolution 11  xf

N n .
Main backaround R VTR § I N 16 165 17,175 18 185 19
) (GeV/c)

Invariant mass

n 6 MeV/c?

round

Yd|. Confirm ®* in KO p decay mode
* Angular dependence of production rates

« KN coupling using yp — K(890) ®* reaction




Colorless clusters

A(1405)
Kaonic nuclei

24



A(1405) JP=1/2-

Structure of P—wave baryons

N(1520)

3/2

n+N
(1485)

\_

nucleon (ud sector) \/hgw_d:_mtor)
/;;; N(1535

3/2-

@3

A(1405)

A(1520)

s-quark

K+N

1/2-

- somev (1430)

/\(140@

One strange-quark, but lighter than N*
Opposite sign of LS splitting



A(1405)

D. Jido, et al. NPA725(2003)
'I""l""I""'""l""l’""l.'.'.'"""I"”""'I""l""u800 _
2001 30 MeV below KN threshold
2 . i ) )
150 ’Twz—mz‘ VAT TP Hadronic molecule candidate
el * L a656 KN, ¥ comonents
- - Two resonance poles are
50- ’T}_(N—MTE’ dr 1200 predicted
[.lllho Heavier mass pole couples
1340 1360 1380 1400 1420 1440 1460 mainly to KN
v EpMeV]
2.5X10 . N . . |
” 1 —_— K p > n'n°Z°
-'é oL —_— 10> K'zx
) A M =1395 MeV
015 g M =1420 MeV
@©
— 4l

. L"ELEA | A(1405)

9.3 1.35 1.4 1.45 15 1.55
MI, GeV

V.K. Magas, E. Oset and A. Ramos, PRL 95

do;/dl\/l
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D. Jido, et al. NPA725(2003)
'I""l""l'"'l""l""l”"'l.'.'."l'"'I""l""l""l""u800 _
200r 30 MeV below KN threshold
2 % J . )
150 ’Twz—mz‘ Ol A g T Hadronic molecule candidate
el L a656 KN, ¥ comonents
- - Two resonance poles are
50- ’TKN—WTE’ dr 1200 predicted
. e Heavier mass pole couples
1340 1360 1380 1400 1420 1440 1460 mainly to KN
12 m[
2.5X10 - Conﬁrm by photoproduction.
N : —_— K p > 7r7r°Z°
-'é 2t -_— 7 p—> K 7rZ
=) A M =1395 MeV
015 g M =1420 MeV
©

—
T

do;/dl\/l

‘ & ' A(1405)

9.3 1.35 1.4 1.45 15 1.55
MI, GeV

V.K. Magas, E. Oset and A. Ramos, PRL 95
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Hyperon photoproduction with K*(892)

¢ Parity filter with linearly polarized photon

E Ik Y K* I
LLLHHL’11 n
natural parity ex.

Vo=
't K#(890),k

28



Hyperon photoproduction with K*(892)

¢ Parity filter with linearly polarized photon

,  unnatural parity ex.
Y p=—1y
: kaons

29
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K*(890) A(1405) photoproduction

with linearly polarized photon

Y K-

oy
T
p A(1405)
5(1385)

30



K*(890) A(1405) photoproduction

with linearly polar

4

!
— 1’20 (1=0)
s Y
3 U
> --- °A (I=1)
/ [ - -
< . VN e, — (WX +WE ) /2
2 R RS
S 2 B ﬁ\ )
3 ! . AR
> / J S\
—O A . s o 1\ s
S~
o)
o
1
Rl e P
0—'—- _a'f'./-é""’
1300 1350 1400 1450 1500

M, [MeV]

T.Hyodo et. al, PLB593

- A(1405)
>(1385)
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-
K*(890) A(1405) photoproductlon

4

with linearly polar I

3 ., N - TC‘Z+
FN ---1°A (=1)

N, — (RT4+WZN) /2

! g ..
I. \ 7 e
1% T
/ /\A
! . A ‘, 5
/ / P “\ L
LN

dG/dMI[nb/MeVJ
[§S]

’ o I b
i [
/‘/ "/ ,"‘ W,
- Ry NN
b ‘/ “,ﬂ ' ..~~~~ ~.
/ ; : 1
1450

High 1um1nos1ty photon beam with Ey>2.4 GeV. l B593
Detect K**— K% n+t — nnn

A(1405) — X010 — Ay yy
2(1385) — AnY
Large acceptance charged / photon detector
P N(1a03)
¥(1385)
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I
Kaonic nuclei

If A(1405) is K" N molecule, K-pp system can be strongly bound
state.

MM(K*) J-PARC E27 MM(K*) LEPS
(a) Ref. PTEP 2014,101D03 - @ Lt
— & ! total
© 6 ) — oy no A K
S é |l b {»data ‘% L Zp_};K +
S 5F , . . 3 -._ e 7 p = AUS0 K
5 f | — simulation = :. R
'% 4 ;— % ool N yn— 30 (1385) K 1
£3F )
é‘“ 2 S_ 0 ) T ._o:f:."' |\"a- ..‘;:;;-r“ ------ P e
a B : O S0F ()
g S B E R TN
VoL N
2.1 22 23 2.4 2.5 SOF + 1l | |
. MMd [GeV/02] ’ . . MM (K*r) [2§eV/02]
30 MeV shift was observed :
: * ' no shift was observed in Y*
In Y * region
(caused by Y*N interaction? ) region 33



Kaonic nuclei

s J-PARC E27 LEPS2
0 1 *0

d(m*, KX “4/3.,,% }

decay proton-tagged ,
- X% ID using missing mass. :
“f 0.455 Y K K*
% 0-4;— PTEP 2015 2, 021DO01 : ’
ﬁ .85 ' /\
}\ ~7+d > K X
50.155— { [ J _y+d9Kso+X
Some /0 pp._ | |-yTd>KOFX
T o - L.JE_L?L Sl Sl e pa i ey :?Jj-ﬁj . *detGCt decay prOdUCtS

MM, [GeV/c?] X= Ap zop
_ Q&+I8 _+30 S

B.E. =95 W7 T MeV ] Relative B.F.

['=162757 457 1 MeV > internal structure?
\_
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Status of detector development

e Detector commissioning
started last year

e 4th drift chamber is under
construction

o We aim to start physics data
taking next FY!

_ particle ID with TPC

dE/dx (arb.)

1000~ -

500f—

35



e
Summary

Colored cluster
Diquarks 1n pentaquark ®
Colorless cluster
A(1405), Kaonic nuclei
LEPS2 y beam line for hadron physics.
Highly polarized photon beam up to 3 GeV with high
intensity.
41 detector with solenoid magnet which covers from very
forward to backward
Simultaneous detection of Photon and charged particle.
Commissioning run started last year

Physics data taking ~next fiscal year.
36
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RyBY =4 (0) LE PS CLAS

Motivation for LEPS2

352— ” L qst

yd - OTK™p

2nd scaled 1/10

Events/(0.00625 GeV/c?)

0 R,
1.4 1.5 1.6 1.7 1.8 1.9

0 Cd o v sy s 1 T

M(nK") (GeV/c?) 4 15 A e ey

CLAS acceptance (20 <0,,)

If the production rate is forward

peaking, we can explain LEPS and
CLAS results

LEPS acceptance (0< 6,3,< 20

LEPS2 acceptance (7 < 0,5, <110)

) | LEPS2




IS
vd 2> K-0"p> K-K*pn reaction

y Non-res. BG eventsr K-
M K+

: O_D/\:p

\P (spectator) y n

(spectator)

Most of ¢ events are excluded with M(K+K~) cut. 45

Qnectator nrotone can oot eccane from the taroet



2013-2014 run with large start

counter |
proton untagged with ST(%)roton tagged W1th STC dE/dx m STC

K K 4“‘"’" K" K"p

detect detect

'”; BG] BG2

L+
%} ™ Hsignal) LH2

(2002 -203, 2006 — 2007) (2013 2014)

150 mm[X] x 94 m 600 mm[X] x 340 mi 43



THe present status o? COM

analysis

e p/n separation has been improved with the large STC

e Simulate the mass distributions considering the possible physical processes (©+,
A(1520), ¢ , non-resonant (scalar), non-resonant(vector))

e Simultaneously fit both M(NK-) and M(NK+) for p-untagged events
(A(1520), ¢ are fixed. € p-tagged events analysis)

(2002-2003 & 2006-2007 data, (p-untagged))

—

> 350F limi B relimina
ST preliminary 8,5t pre Iy
 300; A(1520) & |
g_’ 2505_ ; 200:_ n-B@G eyents
.2 : n-BG evénts .2 - p-BG gvents
o 200 o 150
- > B
w N w -
150 p-BG events i
C 100
100 FR i
- e, o
50 F A& "'{"’”"’“*""'"‘-“""‘“"-r...,N . >0
L o H . B o
C % e e D AR .
9.41.451.51.551.61.651.71.751.81.851.9 ?,4451_51.551.61.651.71.751.81.851.9
M(NK-) M(NK+)

Significance of ®* peak : ~3 . 2013-2014 results will be open soon. 44



1st objective: © search at

y bea™ =X/

Drift Chambers

y+'n' —>@+®+
L@T_’fb@_

- No Fermi motion correction

Multi-purpose large acceptance| - No ¢ and non-resonant K*K- backc
detector for fixed target exp. Mass resolution of @*: ~6 M45 '

LEPS2 solenoid spectrometer




2"9: A(1405) with

% Y+p
K*(892) >K**+4A(1405)

K+nt 2>t +n+nt
Meson-baryon molecule with two poles ?

K TTrrrrrroIoT Jrrrrrrores LR R | 'l.' llllllll [rrrrprrrs [TrrrrrroT T
v 200
* + .‘.__.....' '-.-.‘. A B i
SV K 150+ e KN

1 7T 100+ ]
1 e O
! s0f AP

l O ......... Loss i tasnalonsslongy logialoans I.‘..".'-L:-."...I .........

1340 1360 1380 1400 1420 1440 1460
o A(1405) . eV,
— Nucl. Phys. A 725, 181
Parity filter with linearly polarized photon : :
&, L Kt = unnatural parity exchange (K) Measure difference of line s
&y || Kt = natural parity exchange (K*, k) | |

46




Parity filter w/ linearly polarized photon
o —KK-

9
Decay Plane // Y
natural parity exchange (—1)/

9
’/\ /\ Decay Plane L vy
/V \// unnatural parity exchange —(—

1)¢

— Act as a parity-filter in t-channel exchange!!



Physics motivation for LEPSZ g

Kaonic nuclei search
If A(1405) is Kba N molecule, K-pp system can be strongly bound

state.

MM(K*)  J-PARC E27 MM(K*t) LEPS

(a) eJ. data
= 6 m Z Ref Why itotal +
2 - 1 n+d— K+ X LG
E ) y d—K+7n-X :() B
N are largely different? | +
3, |
3 v X* to A* ratio? + w1l
B . — identify decay products Hﬂﬂ HJHW m WN B

0721 22 23 24 25  wp MY t + |

. MMd [GeV/CZ] ’ . . MM (K*") [zéeV/cz]

30 MeV shift was observed
in Y* region no shift was observed in Y*

(caused by Y*N interaction? ) region

48



®* Search at LEPS?2

No Fermi motion correction.
No ¢ background.

In order to measure angular dependence of production rate K

in large angle region, we extend our detector acceptance up
to CLAS acceptance.

A large acceptance and better resolution detector are le)
necessary.
PIRs tvarraric rirasS K

49




Solenoid spectrometer

* Sideway tracker
* Time Projection Chamber (TPC)
* R=655 mm, 24 layer
* 0,,=150 um, 6,2 mm
* Forward tracker
* 4 drift chambers (DC)
e 6 plane
* Oy,~150 um
* Time-of-flight
* Resistive Plate Chamber (RPC)

 At=70 ps
* Aecrogel Cherenkov counters
« n=1.03,1.05

* Barrel y counter
* Lead plastic sandwich 14.3X,,

50



Invariant mass re

counts

40000F
350001
30000F
25000F
20000F
15000F
10000F

5000F

;

solution

Strangeness tagging

r+nkh o

—> P KY
>

Invariant Mass measurement

5 151 152 153 154 155 156 157 158
M..., [GeV/c]

51



DC

XX’(0° ) UU’(+60° ) VV’(-60° )

80 ch/plane x 6 =480 ch

o S S

937903 02 04 0 04 02 03 04
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Specification of TPC

F<40VF1—0 o AZNAT

I S "
. ' anode wire pitch
; 5 mm
; : drift djrectipon anode-pad distance
1HN | - 3.5 mm
1B E - pad size
L ' 4.6 mmx10 mm
1 N i ; number of pad layers
RS NP P ? 24
T \Fﬁ/ —— number of pads
effective area 1120 mm | 10830
shield wire plane
< >
1400 mm 825 mm
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Spatial resolution of prototype TPC

e Prototype TPC with same wire-pad 7
configurations. %/Vy conee
e 0,=150 um is required to reconstruct wire |
O+—K0, p with 6 MeV resolution. rV b
, , , , - / charged
0,=0,,+0;,"L,+0,, tan" 0, , particle
O'f 01[_mm2] i/ ndf 0131571 O'.i’ 01[_mm2] %2 { ndt 2335/2
? 0.09 ;: :’ 0.0[::::4:1:0-;:: A 0'09;: :1 ‘ 3.62; L. 0.7818
O e e S 005065 5,005 0,004 6:0056:0066:007_6:008 >
Drift distance [mm)] tanZ0
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Prototype TPC with same wire-pad
configurations.

0,=150 um is required to reconstruct X
©+—KY% p with 6 MeV resolution. /’

. . e
Spatial resolution of prototype TPC

sense
wire

)

2 2 2 2 2 N2
2 [mm?] 2 [mm?]
O 0.1 ; OX 0.1 * / ndf 23
X E 00 0.03524 + 0.005915 p0 0.04603 + 0.0
? 0'09:_ 0.002302 + 0.0006315 w0.0Q pl 3.627 + 0.7818
0.085— = nna
007 o, = 159=% 21 um is achieved. @~ —&
0.06F L
0.05F ®/© 0.05
0.04%_ 0.0
0.03F 0.03
0.02F 0.02
0.01F 0.01
N N T S T N S 0550070002 0005 0:0040.0050.005_0.0070.008

Drift distance [mm)]

>

tan2Z0
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Zm Barrel RPC

Goal: 3+36 separation for pi/K below 1 GeV/e.
(K- associated with Theta+)
70 ps time resolution is required.

180 . ;fi ht view
e 5 140 edge of
@ =120 . "o / glasses
100 . = o
80 @ = : ° 00— @ ¢ . -
60 - ° - Lt

2100 -80 -60 -40 -20 0 20 40 60 80 100
hit position [cm]

~70 ps 1is achieved over 2m range using near side view.
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K/mt separation above 1 GeV/c.

B

6.5

cm
20 cm
| t4 cm
20 cm :
E 16 cm
K/m 5 4
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Aerogel Cherenkov counter

: Cherenkov light from We tested with electron beam
5107 n=1.05 AC and estimate Cherenkov light
/ || from pions @ 1 GeV/c.

99.6% efficiency 1s achieved
for pion with 3.5% over veto
|| rate for kaon.

Test with pion beam 1s on-
HJN H M going.

0 'zc',/ 400600 800 1000 1200 1400 1600 1800 3000
light output ADC (ch)
Scintillation light from retlector.

1073

1074

10°7°
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Good e beam emittance in SP8

LEPS2 LEPSI
s, BL31ID (<o, >=14 urad. BL33B2 <o, >=58 purad.
E — ” ’E‘ £, = 34 reneod o
.[/O‘ H anguior dnvesrgence (Semrea) "r i oe erpiler fivsargercs (Semred)
< 0.« 8 s
N 3 ’—] /r—u\
E 038 E , \/” \
§ 0.3 ~ - 8 o rf /&/ \\ \\
5t o N = / |
Eozs ) AV ‘2 o3 / /| \
O o - / \ |
S 02 b | S / H \ ]
0 O ‘
- \ ""tu L 0.2 ,
Ay I ¢ |
o H 1/ e - A ) |
Tl 100 =4 oo+l 1 =
“asc ?‘I‘Z’;OA B B - ‘9'0 095‘}!3' s %8 w0 97 9 =
» s(p) (

< < . . :"s m ’
Reaction region Reaction region T
(30m) (7.8m)

v rays are delivered to 150 m downstream.
Beam size @ target (RMS): x ~2¢m, y~1cm 59

2A

Tagging point
Tagging point



Two types of exotic hadrons

Haronic molecule

4, 5, 6 quarks in hadron
Possible colored cluster

Colorless cluster

Spatial
VA4S

Compact (<~1 fm)

Wide (~ a few fm)

Example

Not established yet

X(3872): D*0 DO



Compton Scattering L E P S 2
8 GeV electron Bea m I i n e

Recoil electron
(tagging)

BGOegg
. [ Calorimeter | =

LEPS2 Solenoid
S| Spectrometer

Injection
of 4 lasers

Mirror .
Intensify beam,

Cover large solid angle 61




-
Laser injection system
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€2013.1.27 first beam

(1.5-2.4 GeV~4Mcps with a single 24 W laser)

Energy spectra of photon beam

10

Counts (a.u.)

2
10

P—
TTTT

—
(]

Illllllllll

e

LCS+brems. @ |..=0.1mA

brems. @ I..=10mA

llllllllll

I 4 5
Energy (GeV)

b

7

Beam size in the
experimental hutch
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BGOegg experiment from 2013
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