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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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Status spectroscopy

* missing resonances ?
e relevant degrees of freedom ?

\

e 3 const. quarks unlikely
e quark — diquark ??

e meson d.o.f. ?

e.g.

L.Ya. Glozman and D.O. Riska,
Phys. Rep. 268 (1996) 263

C. Garcia-Recio et al., PLB 582 (2004) 49
M. Lutz, E. Kolomeitsev, PLB 585 (2004) 243

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

PDG 2010 | BnGa PWA
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N(1900) 3/2+ B SR e no evidence
N(:OGO) 5/2_ KKk Kok
N(2150) 3/2- e =
A(1940) 3/2- 0 & L no evidence

e inclusion of CLAS, GRAAL, MAMI, ELSA data

e confirmation of known resonances
w/ improved parameters

e observation of few new states
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Status spectroscopy: A(1405)

L-QCD

J.M.M. Hall et al. [Adelaide group],
Phys. Rev. Lett. 114 (2015) 132002
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context c-quark sector
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Candidates per 2.5 MeV/c?

data-fit

context c-quark sector
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Candidates per 2.5 MeV/c?

data-fit

context c-quark sector

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



Candidates per 2.5 MeV/c?
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uds sector ?
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uds sector — threshold dynamics
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J+p = K® + 3t anomaly @ K* threshold

R. Ewald et al. (CB/TAPS), PLB 713 (2012)
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J+p = K® + 3t anomaly @ K* threshold

R. Ewald et al. (CB/TAPS), PLB 713 (2012)
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¥ +p->K 43t

anomaly @ K* threshold
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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) P*(4380/4450) | f1(1420) | N*(2030/2080)
m-exchange transition | D*°DY 4+ D°D*0 | A*D+X.D* | K*K + KK* | A*K +YXK*
quantum nos. JPC = 1++ JP = (3/2)~ JPC = 1++ JP =(3/2)"
3-body threshold DYDY ¥+ D70 KK YK 7Y
closed flavour channel J/p w Xc1P & fo(500) op

[ Za H. Schmieden
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uds sector ?

i> 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 /ﬁ*ODO +D°D* | A*D+X¥.D* | K*K + KK* | A*K +YK*

quantum nos. | JPC =1+F JP = (3/2)~ | JPC=1++ | JP =(3/2)"

3-body threshold [\ D°Dr” £ DOr° KK SR 0
closed flavour channel X J/) w Xc1P o fo(500) op
X(3872)
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H. Schmieden
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uds sector ?

i) 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*°DY 4+ DD*0 | A*D +X.D* | K¥K+ KK* | A*K +YXK*
quantum nos. JPC =1+ JP =(3/2)= | JPCE1tF | JP=(3/2)"
3-body threshold D D070 ¥+ DOV K~ YK 7Y
closed flavour channel J/) w Xc1P /f;(500) op
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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*°D° 4+ D°D*0 | A*D 4+ ¥.D* | K*K + KK* | A*K +YXK*
quantum nos. JPC =1+ JP=(3/2)~ | JP9 =1t | JP=(3/2)"
3-body threshold DDOx"Y ¥+ D70 KK YK 7Y
closed flavour channel J/) w Xc1P o fo(500) op
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uds sector ?

i) 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)
Y| m-exchange transition | D*°D° 4+ D°D*0 | A*D +¥.D* | K*K + KK* | A*K +XK*
quantum nos. JPC =1+ JP=(3/2)~ | JP9 =1t | JP=(3/2)"
3-body threshold DDOx"Y ¥+ D70 KK YK 7Y
closed flavour channel J/) w Xc1P o fo(500) op
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t-channel Kinematics

P A(1405) X
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t-channel Kinematics
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t-channel Kinematics

"parallel®
kinematics

forward (charged) particle

high momentum

A(1405

41T decay
charged & neutral
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t-channel Kinematics
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BGO-OD experiment @ELSA:

accelerator
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BGO-OD experiment @ELSA: accelerator
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BGO-OD ing dex
il e SOy
..""‘. o g o ~—
. Sw —
" ¥ s
0 - 0 - ‘o-\ extraction septa

mm Dipole (horizontal)
mm Dipole (vertical)

hadron specrometer 1 . Quadrupole
physics .‘jm polanzed o _/ sunerconducting \ sm  Skew Ouadrupole
experiments v‘:\-\%" ot ® v A L I-Function Magnet
Crystal Barrel @ tagger characteristics
Mini-TAPS v uency
o »
etector
N poarindtar energy 0.8 —3.2 GeV
e g—— internal current ~ 100 mA

/ \ e extracted current ~1fA—10 nA
 "single electron" extraction
I booster \ . e macroscopic duty-factor ~ 70 — 80%
synchrotron ° - e electron polarisation ~ 60 — 80%

(% T
> - o
e o

”"‘;’,‘:;‘“ \ 0.5GeV - 1.6 GeV ’ e detector beam test area
[ e energy tagged photon beams
s b - \ DESY cavity / e 2 HP experimental areas:
LINAC 1 | D el CBELSA/TAPS w/BoFroST polarised target -
(20 MeV) -
i BGO-OD
electron @00 — e - -
- sacton Burce tes e % Z-  veanrmme for
LINAC zgun Foke) S, — " detector tests
(26 MeV) .
extraction septa —
H. Schmieden universitatbonn -




BGO-OD experiment @ELSA:
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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

BGO ball Open Dipole magnet Tog

Drift chambers_ Yy monitoring

SciFi2

Beam dump

Tagger magnet

Goniometer
R 4
>

‘ /:‘
e-beam ) -

A
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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

BGO ball Open Dipole magnet 108

Drift chambers |
SN S

BGO-ball MOMO

BGO-crystals

Scintillator Barrel
photon beam -

MWPC

SciFi2
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First Results from BGO-0OD reliminar\/)
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Particle ID & event reconstruction

central

BGO 2y reconstruction
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do/dQ / ubisr
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First Results strangeness photoproduction

e overview — channel ID

e x-sec for (extreme forward) K* Ygs.
close to final

e K* \(1405)

preliminary

e KOZ+0 off proton & neutron targets
event reconstruction
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Overview y+p — K"+ X

forward K" in spectrometer work of T. Jude
All events for K momentum < 1 GeV Discriminating between states with (K*7%) missing mass
£1000 A(1116)
o]
O r°(1193) A(1405)
800 ¥(1385)
600 A(1520)

1 aTh .--L-.

400

200

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
K* missing mass [MeV]

1400 1500 1600
K* missing mass [MeV]

e Y*atverylowt

e |dentify Y* states from (K* 11%) recoiling mass
» KA — K*1n [missing neutron mass from (K* 11°) system]
» K*A(1405) — K*m9%% [missing Z° mass from (K* 110) system]
» K*Z(1385) — K*mPA  [missing A mass from (K* 1Y) system]
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Extracting K* A /X signals

work of T. Jude

W = 1600 - 1700 MeV W = 1800 - 1900 MeV

~ 350
©

o ©
3 = 60
= @
@
2 250 § 50
200 } v 400
150 } 200
100 M 200
50 M!Um 100
007200 400 600 600 1000 1200 1400 1600 1800 2000 0 ‘
Mass recoiling from K' [MeV] 0 200 400 600 800 1000 1200 14

1600 18 00
Mass recoiling from K* [MeV]

Fitting with RooFit

W = 1700 - 1800 MeV

e F
= 600F ;
s F @ Signal
§ 500f-
w g :
400F- @ Simulated KA events
3005— .
g @ Simulated K™% events
200
100F- @ Background from pair production
00- 200 400 600 800 1000 1260 1400 1600 1800 2000 In the beam

Mass recoiling from K* [MeV] o
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Vp — K ' Ags./ Z3s. @ forward angles

Work Of T JUde L o Bleckman J ' = SAPHIR
= SAP + AS
0.5 e SR L p(r.K)A A LEpS
e % === SLA L N
% F oM T 04N Tl R E* = 2.2 GeV
S (o5 08 O >0.9 = S N "W wepech ReR1 | % y = aeGeV T
= n =, % ;, —- == RPR-2007 7
g — BGO-OD, preliminary T 03F 2 ‘== RPR2 - /1
8 (.2 -SAPHIR (Glander '04) ] % 7y
— CLAS (Dey '10) | l o 02 - S
[~ CLAS (Bradford ’'06) ++ l { l ] | = T / -
015__BnGa PWA l I ] I 0.1F El;lh =1.3 GeV /:" 1
- | _{ . ¥ ;. i
: tqi- l | | 0 1 1 1 1 1 1 1 1 1 L L .
0.1— | 0 30 60 90 120 0 30 60 9 120
E . O [deg] O [deg]
0.05(— . .
- K" 2 Bydzovsky and Skoupil, arXiv:1211.2684
; 1 1 I 1 1 1 1 l 1 1 l 1 1 1 1 l 1 1 1 l 1 1 Proceedings SNP12
0 1100 1200 1300 1400 1500
Photon beam energy [MeV]
5 o oF o — also Yg.s. almost uncontrained
g O7F cos 6. > 0. bydata
S 0.6 BGO-OD, preliminary K+ A ) .
8 = SAPHIR (Glander '04) — important constraint for
0-5E™ CLAS (McCracken '10) hypernuclei production
04:_ CLAS (Bradford ’06)
"E BnGaPWA
0.3
02 l
0.1
05—«5 [

' 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I L 1 1 1 I 1 1
900 1000 1100 1200 1300 1400 1500
Photon beam energy [MeV]

f dford et I ev. C73, 03 6), M.E.McCracken et al., Phys.Rev. C81, 025201 (2010),
K.H. Glander et al., Eur. Phys. J. A19, 251 (2004), CLAS data in cos oﬁ"j 0.85 to 0.95 interval

\ESA
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v+p — K Ags. @ forward angles

work of T. Jude

0.8 = o 0.8 5 0.8
0.73.5 0.766.5 + H. + 0.7
— 06 || 0.6 0.6
505 05 + 0.5
B 0.4 0.4 0.4
=, 03 0.3 4 + + 0.3
— 0.2 + + 0.2 + 0.2
Qo ‘ . _ ‘ 0.1 ‘ . _ . _ 0.1 . . _ . _
S 09007000 1100 1200 1300 1400 09067000 7100 1200 1300 1400 0300 1000 1100 1200 1300 1400
©
= 08 0.8 0.8
o7p125° + T 0.7615.5° 0.7:18.5°
0.6 0.6 0.6
0.5 0.5 0.5
0.4 0.4 0.4
0.3 0.3 + + 0.3 +
0.1 il } 0.1 0.1 ==
9580 1000 1100 1200 1300 1200 0300 7000 1100 1200 1300 1400 0900 1000 1100 1200 1300 1400
0.8 0.8 : P
07£21.5 0.7£24.59 BGO-0OD, very preliminary
8'2 g.g BnGa PWA
0.4 0.4 oM labelled inset
0.3 +++ ++ 0.3 +++ K
0.2 ot +++ ++ 0.2 4t
0. o + + 0.1 L
0 0

980 1000 1100 1200 1300 1400 980 1000 1100 1200 1300 1400
Ey [MeV]

e unprecedented polar angular resolution
e ongoing analysis: statistical error to be reduced by 1/2

e more data to come
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v+p — K"+ Z(1193) full angular range

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

do/dQ [ub/sr]

work of G. Scheluchin

\s=1690+15 MeV
0.4

0.2

il

\s=1720+15 MeV

\s=1840+15 MeV

#ﬂiﬂﬂﬂm

\s=1960+1

\s=1750+15 MeV

1s=1780+15 MeV

o\
v o~ L W

1s=1900+15 MeV

S

15-1990£15 MeV_

ey

=] -

H. Schmieden

15-2256+100 MeV

15-2030£25 MeV

SAPHIR 2003
LEPS 2006
CLAS 2010
BGO-OD 2016

universitatbonnl 4,



A(1405): neutral decay mode
work of G. Scheluchin Y+ p = K*/A(1405) B
. (TZ)°

e full reconstruction of decay topology isospin forbidden %

e K*A(1405) » KX > K*fyyym p o 20(1192)

e complements CLAS data {}

K. Moriya et al., Phys. Rev. C 88, 045201 (2013)
A(1116) @

120F

@m (K*) =0 ... 450

Number of Entries

W
2
c
m -
C "‘6 60k
10F = :
- ps 40
OF E 20
C - C
~10f z 0
1300 1400 1500 1600 1300 1400 1500 1600
#°Ay mass / MeV #°Ay mass / MeV
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K° from proton target

work of B.-E. Reitz work of S. Alef

&

— Signal
— Background

Counts

signal

7000

e KO 111 6000

o« St _, D 170 5000

Number of Entries
o N N
o o o
S & &

800 4000
- background s
400 2000
200 1000
fo00 1100 1200 1300 1400 1500 1600 o e T T e 000
7% 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

e KV — 21Y in BGO
e n(neutral) <6
e n(charged) < 3

in addition:

e pfrom2% — p 1 in
forward spectrometer

H. Schmieden

3000~

| i+ +H.

2500— *

Counts

2000/

1500—
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1000 Height = 380
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S00F" Integral over + 26 = 23753
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i | L L. ) [, ; [,
0300 400 500 600

7700 800 900

2n° invariant mass [MeV]

60— | 1[
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Ol+lllllllllllllllllll
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700 800 900
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K° from neutron target

2 day test beam

work of T. Jude

e KV — 21Y in BGO
e n(neutral) <6
e n(charged) < 3

in addition:

e pfrom2% — p 1 in
forward spectrometer

F\ H. Schmieden
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7700 800 900

400
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0™*300 400
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900

L A l. A
800
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Summary

e new BGO-OD experiment @ELSA
e unique for meson photoproduction

— optimised for "forward kinematics" < low-t processes
e first (very) preliminary results from s-sector

— K* /A photoproduction at (very) forward angles
— K* 29 as check for Y* production

— K*A(1405) line shape (& cross sections)

— K% Z* from proton target over K* threshold

— K9 from neutron target (initial tests)

e open trigger: KY() data simultaneously, also n' etc.

e data taking ongoing

mm universitéitbonnl47
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Summary

e new BGO-OD experiment @ELSA
e unique for meson photoproduc
— optimised for "forward kinen Thanks to:

e first (very) preliminary results fi e all collaborators in BGO-OD

— K* /A photoproduction at (ver

i} e especially
— K* 29 as check for Y* produ S. Alef, P. Bauer, K. Kohl, B. Reitz,
— K*A(1405) line shape (& cr G. Scheluchin, Ch. Tillmanns,
K0 S+ D. Spulbeck (present PhD, Master's
K" 2" from proton target. O.V_e and Bachelor students), and
— K9 from neutron target (initia T. Jude (postdoc)
e open trigger: KY®) data simulty  * ELSA crew for beam

mm universitéitbonnl4

\
' H. Schmieden . 8




extra slides

< . o
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yp—1n'p @ threshold

all time GRAAL data
e nodal structure

T

02E E=1461 GeV = — interference w/ P/D-wave
e W=1903GeV. = o quickly decreasing w/ E
0.05E- 3 — narrow structure
oo(s)é = e ideal for BGO-OD
oiE- ext = recoil p in OD spectrometer
0.15E =
0.255 E=1480GeV o & u BGO-0OD
= 3 24000
0.2E W=1912GeV 3 Oab = 10°
0.15E5 = 22000
- = AEthresh -3 30 MGV
0.1 = 20000 A
0.05E — 18000
O; -------------------------------------------------------- ; 16000
-0.0S;— —i 14000 . . . . . . . .
0.1E 3 900 920 940 960 980 1000 1020 1040 1060
= | _ | = Forward proton missing mass [MeV]
0 50 100 150 =

n . B
T T Ocm (degree) universitatbonn "



K" ID in BGO Ball

2F N\

(a)
19ns
BGO
crystal uf
16ns ’
/ 18ns
3ns
Wu +
K K Incident sub-cluster
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T.C. Jude et al.,
PLB 735 (2014) 112
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