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Physics Motivation

Lattice QCD - ground states

top 10 science achievements 2008

M[MeV]

1500
1000-

500 -

E3K”

H@H

—— experiment
== width

o input
¢ QCD

S. Durr et al. (BMW-collaboration),

Science 322 (2008) 1224

« "unquenched" calculation

 realistic quark masses




Physics Motivation

hadronic resonances
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Physics Motivation

hadronic resonances o ,
models: excitation in mutual potential
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Excited states: quark model

N* resonances
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Excited states: quark model

A¥ resonances
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Excited states: quark model

A¥ resonances
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Excited states: Lattice QCD
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CLAS @ JLab
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CLAS @ JLab
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j Observable | o I T P E F G H 1 T, L L, o, |10, C
|

pr v |v |v v |v |v |v C|Og’

nrt* v (v |/ v v v v

pn v |v |v v (v |v |V vp9X

pn’ v |v |v v v |v |V

K*A v |v |V v v v v v v v v v v |V |V

K30 v (v |V v |V VA 4 v v v v (v |V

pw/d v |v |/ v  |v |V v SDME

K*A v v SDME

KO's+ v |/ v/ 4 SDME
prv v | v v |v v vn%X

pp |/ |7 v

Kz* v |/ o/ v

K°A v |V v | v |V v

KOz0 v |/ v v v 4 v
KO3 v |v R,

courtesy: V. Burkert

universitatbonnl 1o



ELSA accelerator
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ELSA accelerator
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CBELSA/TAPS experiment
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U. Thoma (Bonn)
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CBELSA/TAPS experiment

spokespersons: B. Krusche (Basel)
U. Thoma (Bonn)

et

/..\‘
A N

Forward Detector l-p Y, W

»

e lin./circ. polarised beam
& long./transv. polarised target

Polarized Targ Crystal Barrel
3 + Inner detector ,
N9 /
=

v

\NIST AN

Y,

e central calorimeter combined
with forward calorimeter

Gas-Cherenkov

e ideal for multi photon final states

e CB upgrade completed
— APD readout

<
~
b
«
e

Photon intensity QC ¥ oo Dump
monitor

universitatbonnl 14




Overview measurements
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Overview measurements
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Overview measurements
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Overview measurements
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Nucleon excitation spectrum

E. Klempt, A. Sarantsey,
U. Thoma et al.

PDG 2010 | BnGa PWA |PDG 2012 | SAID PWA

N(1860) 512+ o ok
N(1875) 3/2- sk k kK
N(1880) 1/2+ ok sk
N(1895) 1/2- ok 3k
N(1900) 3/2+ 55 SRS SRS no evidence
N(2060) 5/2- kK sk
N(2150) 3/2- ok sk
A(1940) 3/2- * = . no evidence

e inclusion of CLAS, GRAAL, MAMI, ELSA data

e confirmation of known resonances
w/ improved parameters

e observation of new states
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Nucleon excitation spectrum

N* spectrum — endeavor since over 50 years

* near "complete" experiments in meson photoproduction

single & double polarisation observables

identification o

N

e .. some at least, but total number ??

 low lying states ?7?
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Candidates per 2.5 MeV/c?

data-fit

La "Belle” Révolution 2003 c_sectoﬁ
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S PRL 110 (2013)
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X(3872)

B—>XK 3871.46+0.37+£0.07 <2.3 @ 90% C.L. (2003)

¥ BoXK  3871.4:06:0.1  <3.3@90%C.L (2008)
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JP=0" 1-

0
Energy (MeV)
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Hidden cham@sector

nature

Forsaken pentaquark ¥
particle spotted at CERN

Exotic subatomic species confirmed at Large Hadron Collider after earlier false sightings.

LHCb 2015
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LHCb: P.*(4380, 4450)

(a) C (b)

AR U 0

b d%g} LA
d

PB / VB hidden c predicted from

meson-baryon interactions:
Oset, Zou et al., PRL 105 (2010)

"new N*_. states are simply
brothers or sisters of the well
known N*(1535) and A*(1405)
... and many other dynamically
generated states ..."

Guo, Meil3ner et al., PRD92 (2015) 071502

(i LSA

R. Aaij et al., PRL 115 (2015) 072001
o
w K JP = 3/2-, 5/2°

—r 4’:

1;1 +
B_»\—g} PC
d d

/ o

Vv

phase space

Ll PR SN T WY T R N ST TR T NN SN RN R N
4.0 4.2 4.4 4.6 4.8 5.0

M, [GEV] "
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uds sector ?
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uds sector — threshold dynamics

narrow Peak narrow peak
A(1405) & cusp in n n/p in gpp cusp in KZ
JL S44(15353) J@ cusp in np J
S
/ ] §
| | | | | | | / */
Y Q X o a o ¥

/
o  © 00 m enerqgy / GeV
? g B S § N §  cmenergy
N
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A(1405)

— KN threshold

L-QCD

2
|(state|E)| E_N

08

0.6

04

0.2
m o
Jﬂ' z I]
il

156

"molecule" as dominating
Fock component

2

b

296

my
my

EN Tz
] KN

411 570

: i

genuine 3¢

Xz
JKN
70241 m,; (MeV)

J.M.M. Hall et al. [Adelaide group], Phys. Rev. Lett. 114 (2015) 132002

arXiv::1411.3402v2 (2015)
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J+Pp = K® 4+ 3t anomaly @ K* threshold

R. Ewald et al. (CB/TAPS), PLB 713 (2012)

do/dQ / ub/sr

EY / MeV
1200 1400 1600 1800 2000 2200
0_1 2 _l | | | | | | | | | 1 | I I | | I I I 1
- K*A K*Z«r
0 1—_ /a\\ thresholds K-MAID most forward bin
L / \ $ (mod.) <cos 8,°™> = 0.83
0.08— / \-\ E* E L'K-MAlo
I I AN T A
0.06/— // + \\E . ~ _#  SAD
B e N P K-MAID
B / ya - ~ . \T\\/%___/_L/f’/ (mod., no K*)
% | | *
002 __ [ 1 $
O —l % ' | | I = ‘ ‘ ] ' ' ' ] i : ;.;.;:;.i-. .;.;.;.;.l . | : I | | ‘ ‘ I | | 1 .
1700 1800 1900 2000 2100 2200 2300

W/ MeV ,
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J+Pp = K® 4+ 3t anomaly @ K* threshold

R. Ewald et al. (CB/TAPS), PLB 713 (2012)

do/dQ / ub/sr

E, / MeV
1200 1400 1600 1800 2000 2200
0.1 2 _] 1 ] T ] I 1 1 l 1 1 I T T l T T l T T
- K*A K*Z+
0 1_ /4\ thresholds K-MAID most forward bln
s / \\ (mod.) <cos 6,°"> = 0.83
- / KB = L
o - ! ! K-MAID
0.08 - / + i \ :é : | / v
0.06— / N\, e K
B / + - T~ \I . e _ @rnsnnns »*
5 /o DN : : «
0.04— *’ : ; B K: Al o
VAR : :  —
- / ! : : N NZ N
002 __ [ 1
- : ! also:
- % S S : Ramos & Oset,
0 I 1 1 1 1 | | i 1 I I 1§ i i ) i L] 1 i 11 l | PLB 727 (2013) 287
1700 1800 1900 2000 2100

W / MeV .
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¥ +p->K 43t

anomaly @ K* threshold

al l e 1

Ey [MeV]
1400 1600 1800 2000
1.2 B T I | T T | 7
1E — AT ATy T A ey = 2-0 =
C - apN:—Z.O, A= A= A=qgas=—1.65 i
08 K A ) B
0.6~ ; . proton -
B ; - \;i : ]
0.4F N Y .
- . N\ . _
0.2 LN s
. - | | ; : .
1800 1900 200 2100 2200
]_.2 B T I | T T | 7
1 -
- - neutron :
0.6}, 3
0.4 —
0.2F —
oL | e | .
1800 1900 32000 2100 2200
W [MeV]

R. Ewald et al. (CB/TAPS), PLB 713 (2012)

\/
1800 00 2200
T I T T T | T !
K*z*
resholds K-MAID most forward bin
('“Id') <cos 8,°™> = 0.83
: 'K-MAID
! . 7 \ 4
E‘ d K* .’ i
‘ /E// ?-------f“
frmren? <kiooim S

also:
Ramos & Oset,
PLB 727 (2013) 287
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uds sector ?

|:"> parallels between c and s sectors

c-sector s-sector
meson baryon(s) meson baryon(s)
state(s) X (3872) Pr(4380/4450) | f1(1420) | N*(2030/2080)
m-exchange transition | D*°D° + D°D* | A*D +¥.D* | K*K + KK* | A*K +XK*
quantum nos. JPC = 1+ JP =32 | JP9=1 | JP =(3/2)"
3-body threshold DYDY ¥+ D70 KK YK 70
closed flavour channel J /) w Xc1P ¢ fo(500) op
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uds sector ?

ﬁ> parallels between c and s sectors

s-sector
meson baryon(s) meson baryon(s)
state(s) (X (3872) Pr(4380/4450) | f1(1420) | N*(2030/2080)

m-exchange transition /ﬁ*ODO +D°D* | A*D+Y.D* | K*K+KK* | A*K+XK*

quantumnos. || JPO = 1%+ JP = (3/2)~ | JPC=1++ | JP =(3/2)"

3-body threshold [\ D°Dr° >+ D070 KK S K 70
closed flavour channel \ J /) w Xc1P ¢ fo(500) op
X(3872)

@ 3
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uds sector ?

¢> parallels between c and s sectors

s-sector
meson meson baryon(s)
state(s) X (3872) . £1(1420) | N*(2030,/2080)

m-exchange transition | D*°D° + D°D*Y | A*D +¥.D* | K¥k+ KK* | A*K +XK*

quantum nos. JPC = 1+ JP=@3/2) | JPOE1tt | TP =(3/2)

3-body threshold DDO7° ¥+ D070 K YK 70
closed flavour channel J /) w Xe1P %f0(500) op
&
2c P-(4380/4450) D*
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uds sector ?

¢> parallels between c and s sectors

s-sector
meson baryon(s) meson baryon(s)
state(s) X (3872) P*(4380/4450) |  f1(1420) | N*(2030/2080)
m-exchange transition | D*°DY 4+ D°D*0 | A*D+¥.D* | K*K + KK* | A*K +YXK* H
quantum nos. JPC = 1+ JP =32 | JP9=1 | JP =(3/2)"
3-body threshold DDO7° ¥+ D070 KK YK 70
closed flavour channel J /) w Xe1P ¢ fo(500) op

O
IR
\ @ D

\ A* "
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uds sector ?

¢> parallels between c and s sectors

c-sector
meson baryon(s) meson baryon(s)
state(s) X (3872) P*(4380/4450) |  f1(1420) | N*(2030/2080)
m-exchange transition | D*°D° + D°D* | A*D+¥.D* | K*K + KK* | A*K +XK* H
quantum nos. JPC = 1+ JP =32 | JP9=1 | JP =(3/2)"
3-body threshold DDO7° ¥+ D070 KK YK 70
closed flavour channel J /) w Xe1P ¢ fo(500) op

> @
K*

@

RO |
ELSA (1520) universitatbonnl__




t-channel Kinematics

P 4
. «

Co=> K il

N N2
K* v
¢"“ T
o’ R
::,|> K ‘0“

P A(1405) X
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t-channel Kinematics

\/

forward (charged) particle

high momentum

Y

A(1405)

>
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t-channel Kinematics

"parall
Kinemg

eI||

atics

forward (charged) particle

high momentum

low t =

411 decay
charged & neutral
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t-channel Kinematics

"parall
Kinemg

eI||

atics

:D> BGO-OD !

forward (charged) particle

high momentum

low t =

411 decay
charged & neutral
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BGO-OD experiment

spokespersons: P. Levi Sandri (Frascati) & H.S. (Bonn)
e combination of BGO central calorimeter & forward spectrometer
e high momentum resolution, excellent neutral & charged particle id

thanks to IPN Orsay !

BGO ball Open Dipole magnet

Drift chambers__

Y monitoring

SciFi2
MOMO

Beam dump ,
] R~
agger magne ‘:?’ :

Goniometer __ _
/

e-beam )

A\
DA



BGO-0OD experiment

spokespersons: P. Levi Sandri (Frascati) & H.S. (Bonn)
e combination of BGO central calorimeter & forward spectrometer
e high momentum resolution, excellent neutral & charged particle id

thanks to IPN Orsay !

Y monitoring

BGO ball Open Dipole magnet
Qhambers\“«
-

Xas
-
R
-

BGO-crystals

Scintillator Barrel

photon beam

~ BGO-ball MOMO

MWPC

SciFi2
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SR Ly

ment at ELSA

[BGO-OD Setup o

Drift
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Bremsstrahl — Tagging
Radiator System ’T\:’a\r/vptf:\ \‘ |
. P ge
r~ 11' 1 ldﬁ’ . -
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First Results from BGO-OD ; inary_’
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missing mass recoiling from 2y [MeV]

Particle ID & event reconstruction

central forward few days of data

BGO 2y reconstruction OD pos. charged particles

15

10

5

300 400 500 600 700 800 T S T T T )
2y invariant mass [MeV] 500 1000 1500 2000 2500 3000
Momentum [MeV]

x10°
o) 2
S £12000
§ 100 F § n c=15.1 MeV
\ =1/.
10000 o 0=17.5 MeV
80 7% mean = 135 MeV, ¢ = 10 MeV
8000
60
n: mean = 557 MeV, ¢ = 20 MeV 6000
40 (scaled x50)
4000
20
k 2000
PR TR\ VO R NS TR W T N SN NN S SA NN SN T N S N L 1
0 100 200 300 400 500 600 700 05 L

200 400 600 800 1000 1200 7400

2y invariant mass [MeV] Missing mass recoiling from the proton [MeV]
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event reconstruction

10° _ beamtime April 2017
E beamtime November 2015
105 B beamtime June 2015

10*
103
10?

10
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40000
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20000

10000

vyp final state reconstruction

TTTIT T TTTTI

Ay

T R R B B N".‘Wﬁj

0 200 400 600 800 1000 1200
vy invariant mass / MeV

not*p final state reconstruction

beamtime April 2017
beamtime June 2015
beamtime November 2015

IlllllllIIIIIIIIIIIlIIII[IIII
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P R B s
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ot invariant mass / MeV
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work of G. Scheluchin

K*Ay final state reconstruction

l[I|IIII|[III|III[|IIII|I|

—— beamtime April 2017
beamtime June 2015
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L
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| | Il 1 | 1
1200 1250
Ay invariant mass / MeV
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Counts

First Results from y+p — K" +X

forward K* in spectrometer
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1000 —
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TTTTTIT
I I

K* momentum < 1 GeV
l‘ A
) (1405)
] \Ih
JJ g Mk AL

A(1116)
[ \ ¥(1385)
l‘uﬂdf$y1ﬂJT:~‘ rul

¥%(1193)
f k )J,H/\(1520)
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work of T. Jude

all data
K* momentum < 1 GeV & n° identified
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K* momentum < 1 GeV and cut on K*z° missing mass
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v+p — K" +A(1116) @ forward angles

work of T. Jude

© - W =1600 - 1700 MeV
— 300~
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@ 250F
o
2001 £i
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100 |
C * é i
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v+p — K" +A(1116) @ forward angles

work of Th. Zimmermann & T. Jude — T
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v+p — K"+ Z(1193)

K" nearly 41 acceptance & kinematic fit / neural network analysis

do/dQ [ub/sr]

work of G. Scheluchin
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A(1405): initial tests — very preliminary

counts
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40
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i invariant mass of npyr®/ MeV

first results: K*/A(1405)

A(1520) = ST [42%]

work of G. Scheluchin

~1/3 subset of data

At [10%]

Inv.Mass of 2%1° (Kinematic Fitted, K* anywhere)

‘I I‘HI[

* production at small t possible

* inaccessible to previous expts
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K° from proton target

work of B.-E. Reitz work of S. Alef
8 F signal ¢ F — Signal
S 1400 3 7000 —
5F / °E — Background
S 1200 - 6000~
R D W= :
:ES1OOO_— o St _, p 70 5000:—
P : -
800— 4000 —
00 background ook e KO — 170 170
400~ 2000 e 3*—> X
200;_ 10003—
000 1100 1200 1300 1400 1500 1600 of: ST T T T R T e e e e 000
ni°p invariant mass [MeV] Two pi0 invariant mass [MeV]
w/ kinematic fit prior to kinematic fit
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K° from neutron target

2 day test beam

work of T. Jude S000

s g_ A
O2500F *
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300
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Summarv

¢ Baryoh Spectrum long standing issue

® Whew insights through meson photoproduction,
® in particular w/ single & double polarisation
¢ "exotics" in charm sector

¢ uds sector — parallels ??

o threshold dynamics — (vector) meson-baryon

¢ low-E experimem&s - R&GO-0D
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