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Momentum dependence of the imaginary part
of the $\omega$ - and $ \eta™{\prime}$ -nucleus optical potential.

S. Friedrich, M. Nanova, V. Metag, E.N. Afzal, D. Bayadilov, B. Bantes, R. Beck, M. Becker,
S. Bose, K.T. Brinkmann, et al. [lokazamsb ecex 60 asmopos

Eur.Phys.J. A52 (2016) no.9, 297

Abstract.
The photoproduction of $ \omega$ and $ \eta™{\prime}$ mesons off carbon and niobium nuclei
has been measured as a function of the meson momentum for incident photon energies of 1.2-2.9GeV at the
electron accelerator ELSA. From the measured meson momentum distributions the momentum dependence of
the transparency ratio has been determined for both mesons. Within a Glauber analysis the in-medium
$ \omega$ and $\eta{\prime}$ widths and the corresponding absorption cross sections have been deduced as a
function of the meson momentum. The results are compared to recent theoretical predictions for the in-medium
$ \omega$ width and $ \eta™{\prime}$ -N absorption cross sections. The energy dependence of the imaginary
part of the $ \omega$ - and $\eta™{\prime}$ -Nucleus optical potential has been extracted. The finer binning of the
present data compared to the existing data allows a more reliable extrapolation towards the production threshold.
The modulus of the imaginary part of the $\eta™{\prime}$ -nucleus potential is found to be about three times
smaller than recently determined values of the real part of the $\eta™{\prime}$ -nucleus potential, which make the
$\eta’™{\prime}$ meson a suitable candidate for the search for meson-nucleus bound states. For the $ \omega$
meson, the modulus of the imaginary part near threshold is comparable to the modulus of the real part of the
potential. As a consequence, only broad structures can be expected, which makes the observation of $ \omega$
mesic states very difficult experimentally.
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Fig. 1. (Left) =% and [Right) ="="y invariant mass spectra obtained for the carbon and nicbium target, respectively, and for
incident photon energies of 1.2.2.9 GeV. The solid lines are fits to the invarinnt mass spectr using a Novosibirsk. [43] (w) and
Gaussian- {17} libe shape function together with an expopential {w) or polynomial (n'), describing the badiground distribution.
The o values correspond to the experimental mass resalution. The plots give the number of reconst ructed mesons oot corrected

for photon Aux, detection efficiency, and decay bmnoching ratio.

angle coverage the detactor systam wes ideally suitad for
the detection and reconstroction of multi-photon eventa.
Charged particles wera ragistared in plastic scintillatoes in
fromt of the MiniTAPS modules and the CB medules in
the angular rangs of 11°-28%. In the polar angular range of
28°-158% charged particles were identifisd in a threslayer
scintillating fikre array.

To improva the statistics at low w and ff momenta tha
diamond radistor was usad in the niobiom run to gen-
arate an excess of ooherent photons peaking at an en-
argy of 1.5 GeV in addition to the 1/E. bremsstrahhing
Aux distributicn. The polarizsation of the radiation was
not exploited in the analysis of the data. Tha photon fux
through the target was determined by counting the pho-
tons reaching the gamma intensity monitor {(GIM) at the
end of the sstup in coineidence with elsstrons registered
in the tagging system. The total rate in the tagging sys-
tam was 7210 MHz. During the carbon run an aserogal-
Cherenkov detactor with a refractive index of n=1.03 was
uged to veto elactrons, positrons and charged pions in the
angilar range coverad by MiniTAPS. This device was 1e-
placed for the nichinm beamtime with a gas-Cherenkoy
detactor with a refractive index of n=1.00042 in order 1o
vato electirons and positrons. The data were collected dur-
ing two running periods of 525 h for the carbon and ®60 h
for the nichinm targst.

The w and " mesons were identified via the w —
79y = 27 and 7 — a7y — 67 decay chains, which
hive a total branching ratio of 8.2% and £.5%, reapectivaly
[22]. Events with w and i candidates were selacted with
suitable multiplicity trigger conditionz. In the carbon run
only events with at least four hits in the combined electro-
magnetic calorimeters ware selected, raquiring in addition
that the asragel-Cherenkov datector had not fired {veto-
condition); in the nichium run o less restrictive iriggsr
was applied, requiring twio or mora hits in the calorime-
tars and no hit in the gas-Cherenkov detactor. The dead
time introduced by the Cherenkov detectors were about

10%, for the asrogelCherenkov detector and 25% for the
gas-Cherankov detectar. The photon flux has besn cor-
racted for the GIM deadtimes which was sbout 13%, in the
carbon mun and 3075 in the niobinm run. A mors detailsd
description of the detector sstup and the running condi-
tiona can be found in [22,29).

3 Data analysis

Events of interest wers salectad and the background sup-
pressed by ssveral kinematical cuta, Only aventa with inci-
dent photon energies larger than 1.2 GeV were processed.
Phaotons wera required to have energies larger than 25 MeV
tosuppress clustar aplit off. Random coincidencss betwesn
the tagger and the detector modules in the first level trig-
ger wara ramoved by o cut in the correasponding time spsac-
ira around the prompt pasks and a sidsband subtraction.

For the w analysis, events with three photons and one
charged hit wera sslectad. The invariant mass of all pho-
tom paira was caloulated and the one combination closast
to the 7 mass of 135 MaV/e® was taksn to ba the 7%
Events with rescatterad 77 mesons from w — 79 decays
within the nuclens weare supprasssd by requesting the ki-
netic ensrgy of the 77 to be larger than 120 MeV [40,41].
Event lossas due to this cut are taken into acocunt in the
aimulation of the reconstruction sfficisncy (=as b=low ). The
resulting 7%y invariant mass spectra for both targats are
shown in Fig. 1 laft.

For the 7" analysis, events with cnly € photons and any
number of charged hita and with an energy sum of nentral
clusters larger than GO0 MeV were selected. The 6 pho-
toms ware combined in 2 pairs of 2 photons with invariant
massas in the range 110 MeW /@ < m, < 100 MeV/e?
{oorresponding to a £30 out arcund mao ) and one pair
with invariant mass in the range 510 MeV/&® < my. =
590 MaV/e? {1oughly corrasponding to a £20 eut around
s ). Tha best photon combination was selactad basad
on & y® minimization. To suppress the background from
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Fig. 3. DifAerentinl cross section per ouclson for (Left] w and (Right) n° photoproduction of carbon {red squares]) snd nisbkium
[(blue circles) for the incident photon energies of 1.2-2.9 SeV. The data points for carbon are shifted by +10 XeV and for

nichinm by —10 BMe¥W bo avoid an overlap of the ecror bars.

shadowing [47,45,49)] (== balow) were =z 5%, Adding the
systamatic arrors quadratically, the todal systematic srror
of the cross section determinations was == 17% . The deter-

Table 1. Scurces of systematic errors for cross section deter-
Toannk o

fies e 109

3 =i =105,
photon Hux 5. 1
photon shoadowing = 5%
total 22 17 o

mination of thes tranaparency ratio discwssed in the suab-
saquant saction requires the messurement of eross section
ratice. Thean, only the uncartainty for the reconstraction
afficiency of the sama me=on in the sames detectar sstup
but for two different targsts entars. This uncertainty is es-
timatad to be reduessd to 5%, The systamatic uncertainty
for the cross saction ratic is then 2075,

4 Experimantal results

Figure 3 presents the diferantial crosa sections par nuclsomn
for w and 5" photoproduction off carbon and nichium as a
function of the meson momantum for incident photon en-
argisa of 1.2-2.0 &aW. Although the threshold fFor o pho-
toproduction off the free proton is E,—1.447 GV an o'
yield has bean obssrvad down to E,=1.2 GaV [22] dua 1o
Fermi motion, broadening, and lowering of the 73" mass.
Thus the momentum distribations can be determined for
woand 1 mesons over the same incident photon ensrsy

rang=. The cross sections includs a 15% eorrecticn for ab-
sorpticn of the incoming photon beam (photon shadow-
ingj for both maclear targsts [47, 48, 49]. The distributions
show a maximum at arcund 200 Bda’V e and 1000 hda S
for the w and 5, respactively, and fall off towards higher
mommenta. The avarags momeanta, given in Fig. 3, are closs
Tt 1000 BI=W S e To determins the attemiation of meson s
in nucled and the inelastic mesop-maclzon oross sections
as o functicn of thes meson momentum, the transparency
ratio [50] is deducad from the dsta:
;o Twa—senx .
TE =3 C TN 2
Ths meson procduction cross ssction pesr maclaon within
a oaclsus iz compared to the production cross ssction
off a fres nucleon or off & proton or meutron bound in
deuterinm. Here, the maclsus serveas as a target and at
the= same time asa an abscrber. IF nuclsi were oompletely
transparent to the mesons the transparency ratio wonld
be unity, as long as secondary production processes can
be ignored. Although the photoproduction of w and 5°
mesons off protons and neutrons bound in deuteriom has
bean studied exparimentally [44_45], differential cross sac-
tiona as a function of meson mMomeantum are ot availabla,
Ths momentum dependsnce of the transparency ratio is
thus ohtainsd by dividing thes differential inclusive meacn
production oroes sections (s Fig. 2) for niockium by the
on= for carbom. The transparency ratic is normalize<d to
carkon aceording to
12 . o, me . —
TR =83 5 o ‘1:_:;:1__: (3
wherse 12 and 232 ars the nuclear mass mambers of car-
bon and niokiuwm, respectively. The normalizaticn to oo



Determination of the real part of the $\eta$'-Nb optical potential.

CBELSA/TAPS Collaboration
M. Nanova , S. Friedrich, V. Metag, E. Ya. Paryev, F.N. Afzal, D. Bayadilov, R. Beck, M. Becker, S. Bose,
V. Crede, D. Elsner, F. Frommberger, M. Gruner, E. Gutz et al.

Phys.Rev. C94 (2016) no.2, 025205

Abstract

The excitation function and momentum distribution of ' mesons have been measured in photoproduction off
Nb93 in the energy range of 1.2—-2.9 GeV. The experiment has been performed with the combined Crystal
Barrel and MIiniTAPS detector system, using tagged photon beams from the ELSA electron accelerator.
Information on the sign and magnitude of the real part of the n’-Nb potential has been extracted from a
comparison of the data with model calculations. An attractive potential of —(41+10(stat)+15(syst)) MeV depth at
normal nuclear matter density is deduced within model uncertainties. This value is consistent with the
potential depth of —(37+10(stat)+10(syst)) MeV obtained in an earlier measurement for a light nucleus
(carbon). This relatively shallow n'-nucleus potential will make the search for n'-nucleus bound states more
difficult.

Note: 9 pages, 6 figures
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reconstruction efficiency

FIG. 2. {Color online] Two-dimensional reconstruction =
ficiency for ' photoproduction off b as o function of the
7w momentum and Iaboratory angle for the incident photon
energy range of 1.2.2.9 Qe

angular resclution in the com. system. The statistical er-
rora were determined from the yield of the ° signal (5]
in each ensrgy and ocosd; ™ bin and the counts in the
background bslow the peak {BiG) according to the for-
mula: AN = o/ [S+BE). Ths total cross saction for
photoproduction was determined (i) by integrating the
differential cross sections and (i) by direct determins-
tion of tha 5 meson yields for different incident photon
anargy bins. Thea two methods wers applisd as & systam-
atic chack of the it procedurs to extract the ¥ invariant
mass signal over different kinematic ranges. The results
aras compared and further disenssad in sec. IV B

The different scurces of systemstic errors are sum-
marizad in Table 1. The systematic errors in the ft pro-
cedure were sstimatad to be in the ranges of 10-15% by
applying different background funetions and fit intervals,
YVarying the start distributions in the scosptance simm-
lation betweaen isotropdis and forward peaking 5 angular
distribmtions, the systematic errors of the acceptanos de—
termination wera determinsd to be less than 109, The
photon flux through the targst was messured by counting
the photona reaching the GIM in ocincidsncs with alac-
trons registerad in the tagerer system. Syslematic arrors
in tha photon Aux determination after dead times corrac-
ticn wers estimatad to be about 5-10%., The systematic
arrors introduced by uncartainties in the photon shadow-
ing (=== below) were == 10%,. The total systematic error
of 1the cross section determinations, obtained by adding
the systamatic errors quadratically, was 23705,

TARLE I. Scurces of systematic errors

flts =5 10-15%%
raconstruction eflcieney = 109
photon fhx 510
photon shs dowing == 1O
total = TR

IV, EXPERIMENTAL RESULTS

A. Differentinl cross sections for the
photoproduction off Mk

The differential cross sections have been determinsd
acoording to:

dir Moy b eb (P2, @185 )
EIE==T R S S NEX (pEE, &oF)
n
1 1 1

Mo -y Mooa@n™  Tgpe-falheen '
meial

whera N,,-_,r-urn,?_[p'_":b_d'ﬁ‘."] is the numbsar of recon-
structed 5 mesons extracted by the fit procedurs as
described in Sec. IIT in each [p;b_a';.h] bin; M., is the
photon fux: ng is the density of the target noaclecns
multipliad by the targst thickness (5.55.10%Y'cm—3);
A cos@™ ia the angular bin in the cm. frames;,

Eﬁif%-“ﬂ‘- ia the decay branching fraction of 2.5%, for
the decay channel 7' — %79y — Gy,

Fig. 3 presents the differential oross sections
de fd coad@ 5™ ) for 8 bins in the inecident photon enengy
range. The dead time of the gas- Cherenkow detector and
the GIN have bean corrected for. Furthermore, the re-
duetion in the incident photon fAux dus 1o photon shad-
owing has bean taken ints account by multiplying the
chaerved & vield by 1.17 [411-43]. A rather Aat angular
dismtribution is chaerved at low anargiss near the produe-
ticn thrashold on a fres micleon { F57—=1.447 GeVi. For
higher photon energies B, = 1.8 GeV, the angnlar distri-
butioms show a forward rise, characteristic for t-channeal
producticn. This behaviour is similar to previous result=s
on angular distribations for 57" photoproduction off car-
bom [22].

HB. Total cross ssction for the 5 photoproduction
aft Nk

The tcdal cross section for the &' photoproduction off
MNhb iz shown in Fig. 4 (Left). The integration of the dif-
ferential cross sscticns and the direct determinstion of
the cross section from the ' yield in different incident
photon ensrgy bins give consistent resulis within errors.
The oross section iz found to be non-zero below B, =

11



Double-polarization observable G in neutral-pion photoproduction off the proton.

A. Thiel, H. Eberhardt, M. Lang, F. Afzal, A.V. Anisovich, B. Bantes, D. Bayadilov, R. Beck,
M. Bichow, K. -T. Brinkmann S. Bose, V. Crede, M. Dieterle, H. Dutz, D. Elsner, R. Ewald, K.
Fornet-Ponse, St. Friedrich, F. Frommberger, Ch. Funke, St. Goertz, M. Gottschall, A. Gridneyv,
M. Gruner, E. Gutz, D. Hammann, Ch. Hammann, J. Hannappel, J. Hartmann, W. Hillert,

Ph. Hoffmeister, Ch. Honisch, T. Jude, D. Kaiser, H. Kalinowsky, F. Kalischewski, S. Kammer,
I. Keshelashvili, P. Klassen, V. Kleber, F. Klein, E. Klempt, K. Koop, B. Krusche, M. Kube,

I. Lopatin et al.

Apr 11, 2016
e-Print: arXiv:1604.02922 [nucl-ex] | PDF

Abstract.

This paper reports on a measurement of the double-polarization observable G in $\pi*0$
photoproduction off the proton using the CBELSA/TAPS experiment at the ELSA accelerator in
Bonn. The observable G is determined from reactions of linearly-polarized photons with
longitudinally-polarized protons.

The polarized photons are produced by bremsstrahlung off a properly oriented diamond
radiator. A frozen spin butanol target provides the polarized protons. The data cover the photon
energy range from 617 to 1325 MeV and a wide angular range. The experimental results for G
are compared to predictions by the Bonn-Gatchina (BnGa), J\"ulich-Bonn (J\"uBo), MAID and
SAID partial wave analyses. Implications of the new data for the pion photoproduction
multipoles are discussed.
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] A. Thiel =t al.: Measurement of the double-polarization observable & in nentral-pion photoprodwction
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Fig. 13. The double-polarization observable 7 for all measured photon energies (bladks dots), compared to the PWA predictions:
MAID 2007 [24] (green dotted line), SAID CM12 [38] (red dashed-dotted line), JiiBe 201301 [37] [blues dashed line), and Bala

2011-02 [39] (black solid line).

The surve represents the BnGa fit [50]. The black points
demonstrate the dependence of the result on the method
applied.

Theleft and centear panel display the results for two dif-
ferent cut widiths — 1o and 3¢ — without and with dilution-
farctor correction, which are called g and =, respectivealy.
Of oourss, a proper determination of the dilution factor is
decizive to obtain relisble results. Howaver, the precisa
cuts wsed to determine ¢ have no significant impact on
the rasulta: the center panel in Fig. 12 scomparas the final
rasult using 1o kinematicsl ecuts with results when £330
cuta are applisd.

Finally, the double-polarization observable & can be
determined in two different ways, a8 described in egua-
tions 3 and 7. In both cases, as shown in Figure 12 in the
right pansl, the different methods lead to fully consistent
results. The method wsing Eq. 3 is usad to axtract the
obeervable, sinee it exhibite slightly smaller errors.

Dur final results are presented in Fig. 13. The fig-
ure showsa the double-pol arization obsarvable F as & funo-
tion of cce@. for photon energies from E, = 817 Me¥ to
E., = 1325 MsV. The data and the statistical errors are
shown in bladk, the systematic errors as gray histogram.
The systematic errors are derived from five souross:

13



10 A, Thiel =t al.: Measurement of the double-polarization observable & in neweral-pion phetoproduction
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Fig. 15. The energy dependence of & for four different angles,
compared to different solutions of the FPWas: BnGa 201402

[&80] (Black sclid hine), SAID [51] (red dashed-doteed line), and
JiiBo [32] {blue dashed line).

ment as SATD for the two lowest photon energy bins st
E., =633 and 667 MeV. The differences betwesn the pre-
dictions of the MAID modal and the data in the madium
energy region have already been discussed in [25] and
conld b traced back to the multipoles Eoy and e . Tha
largest deviations between the different modsls can be ob-
sarved in the higher energy bins (£, = 1150 MeWV). Thesa
differences most liksly oocour sines resonance contributions
in the fourth rescnancs region are not well known.,

The new & data were communicated io the Bnisa,
JaBo, and the SAID groups and new fits were performed.
Thess= are presanted in Fig. 14 The new fita, BnGa 2014-02
[20] (Black salid lins), SATD [51] (red dashed-dotted line),
and JiBao [52] (blus dashed line), reproduce the data rea-
socnably wall. Only at higher energies small deviations be-
come visibla, For conveniencs, we show the data in Fig. 15
for four slicss in coef as a function of the photon energy.
All PWA fita can deseribe the new data very wall at lower
photon ensrgies, above B, = 1150 MeW the At resulis
start to diverge. Hera more pracize data for & are needed
to constrain the PWA solutions.

The impact of the new data can bea bast ssen when the
multipoles Eny , Bz and Ma_ for the dominantly con-
tributing resonances are comparad [533]. The values of the
double-polarization obssrvable & reported hare have baen
used am well as the data on the obesrvables &£ [20], T, P,
and i [30]. As an example, the real and imaginary parts of
the Eh: multipole derived from thase new fits to the data
are shown in Fig. 16 and compared with the Eoy moalti-
pole derived from the clder fita. For the imaginary part of
the mmltipole, the spread of the sclations reduces consid-

Fig. 146. The real and imaginary part of the muliipole Eo o, be-
fore the new data were included (lefc) and afeer {right), detec-
mined by the BnGa PWA {2011-02 [29] resp. 2014-2 [59]: black
solid line), the SATD | C"\-{12 38] resp. new ht [51]: red dashed.-
dotted line), the JaBa model (2015-B [37) resp. new fit [52):
EBlue dashed ]l.n-ej and the MAID model [gree=n dotted line) [34].
The dashed lines marck the regicn covered by the obeervmble
. Additicnally, the positions of the rescnanoes N (1535)1 /2,
NT185001,2— and 401620012, which contribute to the Bg.
multipole, are marked with arnces.

erably: the new data with double-polarization ohservables
i, B, T, F, H | have a decisive influencs on the resulting
multipoles, For the real part, somea reduction in the spread
is obsarvesd even though much less pronounced. Certainly,
more data and further analyses are both required before
the remaining discrepancies are rasolvad.,

A longer paper with a comparison of all leading moal-
tipalas is in preparation [53).

4 Conclusion

The first measurament of the double polarization ohesrv-
able & over a wide angular and photon energy range has
bean carried out with the CBELSA TAPS expariment at
the ELSA accalerator in Bonn. Simultanecusly, the beam
asymmetry Xg has been determined using o butanacl tar-
get and it has been comparsd to the previous mesasuare-
ments on fres protons. Small differences are atiributed to
bound protons in the carbon atoms of the butanol, s= oon-
firmed by a measurament onoa pure carbon target.

T axtract tha obsarvabls 7, a preciss detsrmination
of the carbon contributions is necsssary. With o measure-
ment on a carbon foam target, the anergy and angle-
dependent dilation factor was extractad. It depends ocn
the kinematic cuts used to exiract the chservable, henee
the dilution factor is not a unique quantity and has to

14



Commissioning of the BGO-Open Dipole setup at beamline S of ELSA.
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Commissioning and initial experimental program of the BGO-OD experiment at ELSA.
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J. Knaust, K. Kohl, K. Koop, B. Krusche, A. Lapik, P. Levi Sandri, I.V. Lopatin, G. Mandaglio,
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D. Watts, H. Zaunick, T. Zimmermann.

EPJ Web Conf. 130 (2016) 07013

Abstract.

BGO-OD is a new meson photoproduction experiment at the ELSA facility of Bonn University. It aims at the

investigation of non strange and strange baryon excitations, and is especially designed to be able to detect
weekly bound meson-baryon type structures.

The setup for the BGO-OD experiment is presented, the characteristics of the photon beam and the detector
performances are shown and the initial experimental program is discussed.
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for particle tracking and identification. The polar angles between 8° and 25° are covered by a ring of
scintillating counters (Scifi) and by MRPC chambers (Daisy) with excellent time resolution. Finally,
the forwand region is covered by the @iper Dipole forward spectrometer 1= central part is a 45 T
large aperiure dipok magnet (provided by DESY on permanent loan basis). Tracking is performed
by position detectors in front of the magnet (oMo and Scifi2), both consisting of scintillating fibers,
and & double layer Drift Chambers followed by 3 ToF scintillating walls behind it

BGO-OD setup
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The performance of the RGO Rughy Ball is summarized in Fig. 3 where we show the two-photon
imvariant mass spectrum from a proton target obtained with kinematical fit and confidence cut. The
&, and iy peaks are all clearly visible. The energy calibration is obtained using a Ma-22 soumce
with peak at 1275 MeW.
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The Rugly Balf can al=o measue protons[2] and neutrons[3], and by using sampling ADCs with
~2ns time resolution it can also measure K+ following a method originally developed in Ref.[4]. Pos-
itive kaons are stopped within the crystals of the Rughy Ball up to a kinetic energy of approximately
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Figure & Missing mass spectrum in the Opem Dipele forward speciromeer. Left: from the proten. g, o and ako
o peaks am clearly visible. Right from the &*. A and =° peaks ae very clear and also other hyperons peaks are
presant

CBELSA/TAPS collaboration[5] will be investigated by mea=suring the differential cross section in
yp — KYE+ and the beam asymmetry over the K* threshold region, achieving high statistics by in-
cluding data of both peutral and charged decay s of the K2 and 4. The acce plance of the Open Dipale
forward spectmometer is also ideal to measure data at centre-of-mass angke s 85 < 15 for K*Y, wher
data are scarce and incompatible. A central goal is to dissntangle the structure of hyperon e xcitations.
e.g. the A1405) or hypothesised I states of J¥ = 1/2- in the same mass range.

Peeudoscalar and vector me son photoproduction will ke sdied wo, both off the proton and off the
neulron, measuring cross sections and beam asymmetries. Thanks to the high energy resolution for
the incoming photon energy provided by the A RGUS hodoscope, the beam asymmetry in ' photo-
production will be measared at thee shold, allewing for & more detailed study of the strong energy
de pendence observed by the Gra AL collaboration[6], and at higher eperzy (up o 1800 MeV ) wher
no experimental data are available yet The high efficiency of the Rugby Ball for neutron defection
will allow the measurements of 5 and w off the quasi-free neutron with liquid D2 target Finally, the
I photoproducion will ke imvestigated as well.

5 Conclusion

The BGO-OT experiment is commissioned; the performances of the beam and of the apparatus ar
as expecied, production mins are underway and data analysis is ongoing for mamy maction channels.
The experimental program includes me son photoproduction from proton, dewe ron and light nuckei.
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Polarized Photon Beams for the BGO-OD Experiment at ELSA.
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G. Giardina, S. Goertz, A. Gridney, E. Gutz, D. Hammann, J. Hannappel, P. Hartmann, W. Hillert,
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JPS Conf.Proc 10 (2016) 032003

Abstract.

The new BGO-OD experiment at the electron accelerator ELSA, of the University of Bonn, is designed to
study the reaction dynamics of nucleon excitations in meson photoproduction. It consists of a central BGO
calorimeter with a magnetic spectrometer in forward direction.

The physics programme includes the measurement of polarisation observables using linearly and
circularly polarised photon beams. Linear polarisation is obtained by coherent bremsstrahlung off a
diamond crystal, and circular polarisation is obtained via bremsstrahlung from longitudinally polarised
electrons. The degree of linear polarisation is determined from the bremsstrahlung spectrum itself. To
determine the polarisation of the circularly polarised photon beam, the polarisation of the electron beam is
measured by a Mgller polarimeter. As a preliminary consistency check, the (linear) polarisation
observable, Z, was compared to world data for 0 and n photoproduction. To determine the degree of
circular polarisation, a Mgller polarimeter was setup and first measurements of the electron beam
polarisation performed.
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resistive plate chamber (Daisy) and a segmented scintillator ring detector (SciRi) cover the angular
rzgion of B9-25% betareen the central calorimeter and foreard spectrameten

The incident photon energy is determined using the photon tagger. The measured energy range is
fram 10 to 90 5 of the primary electron beam energy. with a resoloton of up o 0.1 %, A phaton Ao
monitonng system is installed ar the end of the beam line.

2. Linearly polarised photon beams

Linearly polarised photon beams are produced by coberent bremsstrahlung off of a 220 gm thick
diamond crystal radiator [2]. This is mounted in o goniometer system to precisely align it to the
bzam. It i=s done such that the momentum transfer of the incident electron fits the meciprocal lattice
and coherent bremsstrahlung is obtained. If exactly one lattice vector contributes, the momentum
transfer and the bremsstrahlung plane are fixed. resulting in a well defined polansation plane [2,3].

A real energy spectrum is a mixture of coherent and incoberent bremsstrahlung, with the usual
incohemnt spectrum superimposed by enhanced peaks of coberent bremsstrahlung, as shown in fig
2. From the intensity spectrum, it is possible to extract the degree of polansation (fig. 3) using the
Amnalyrical Bremsstrahlung Calculation (ANE) softwans [4].
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Fig, 2. Simulated bremsstrahl- Fig 2. Measured mlative inten- Fig. 4 The missing mass mcoil-
ung inkensity spectmum.  Green: sity spectrum. Black points: mea- ing from two photons in the final
incoberent  part  Blue: coberent sured data in arb. units Red solid state, versus the bwo photon imvari-

part. Red: mlalive inkensiny spec-
trum in arb. unit= ie. blue dividad
by green.

curve: fil to the data. Black dashed
curve: ithe resulling polars=ation in
parts of 1.

anl mas= The final stake s px? and py
are visible.

To perform a preliminary consistency check of our method of determining the degree of linear
polansation, the well known photon beam asymmetry, E, was extracted for ypo — pa” and yp — pny
from the data of a commissioning beam time.

In the datasct used. a coberment edge was sct at 1.45GeV, A maximum polarisation of 38 % was
achieved with a primary electron beam energy of 2.9 Ge'V.

The 77 and 5 were identified by rrconstructing the meson four-momentum and invanant mass
from the measured energies and directions of two photons in the BGO Rughby-ball. When plotting
the missing mass of the system recoiling from the meson in the final state against the two photon
imvariant mass. the pa” and the g7 reaction channcls ar clearly visibke as poaks in fig. 4.

In figs. Sia)-5ic), the extracted beam asymmetry is plotted against the centre of mass polar angle
in one energy bin for P, and o energy bins for g Within the limired statistical accuracy. the data
iz consistent with the waorld data, represented here by the MATD PWA solution [5]. Higher statistics
over a much greater kinematic range is expected soon in the PhD thesis of Andreas Bella [6].

3
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Conclusions and acknow ledgements

The BGO-0OD experiment is able to perform measurements with linearky and circulady polarised

photon beams. Using a lincarly polansed beam., the beam asymmetry, E, was extracted for ype — "
and yp — pr. producing consistent results with the world data, The linear polansed beam will be
used in the next production beam times.

For circularly polarization, a Mgller polarimeter was installed to measure the electron beam po-

larization, and from thi= calculate the photon beam polansation, This is working as ex pected.

This work is supported by the German Science Foundation (DFG) in the framework of the

SFE/TE-1&
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Strangeness Photoproduction at the BGO-OD Experiment.
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V. Vegna, D. Walther, D. Watts, H. Zaunick, T. Zimmermann.

JPS Conf.Proc. 10 (2016) 032002

Abstract.

BGO-OD is a newly commissioned experiment to investigate the internal structure of the nucleon, using
an energy tagged bremsstrahlung photon beam at the ELSA electron facility. The setup consists of a highly
segmented BGO calorimeter surrounding the target, with a particle tracking magnetic spectrometer at forward
angles. BGO-OD is ideal for investigating meson photoproduction.

The extensive physics programme for open strangeness photoproduction is introduced, and preliminary

analysis presented.
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Fig 1. (a) The missing mass, my. from two photons dekected in BGO ball versus the imvanant mass of the
two pholons. Feaks comespond to pa® and py final stakes (b)) @ versus the measured momentum of charged
particles in the forward spectrometer. Prominent loci of charged pions and protons are visible. (o) The missing
{meson) mass from protons detected in the forward spectrome ter. Meson masses labelled inset (A1l analysis is
preliminary and performad upon the data described in Section 4. Colour online. )

period. BGO-0D iz ideal for the investigation of reactions dominated by r-channel mechanisms due
1o the acceptance ar forarard angles with high momentum resolution. Neutral particle identification
in the central region aids the identification of final states of mixed charge. This unigque combination
i= suited to the investigation of reaction channels with open strangeness and complicated final states,
The first phase in this programme is the study of K and K~ reaction channels, which are described
belonar.

Differzntial cross section measurements for yp — K%E* from the CBELSA/TAPS collabora-
ton [11] exhibited a cusp like structure close to the K*7A and E*U"E" thiesholdsw here the cross
section reduced by a factor of four at forward angles. It was speculated rhat this may be due to sub-
threshold production of K* rescattering tox® or K [12]. BGO-0OD will measure the beam asymmetry.
I, overthe K* threshold region, with high statistics by including data of both neutral and charged de-
cays of the K¥ and £¥,

A paucity of data at centre of mass angles 8oy = 157 for K¥Y, prevent the constraining of iso-
bar models [21] The acceptance of the BGO-0OD forward spectrometer is ideal to measun: data at
this important kinematic mnge. Data will also be taken ower the disputed peak structure at W=
1000 MeV [22-26].

The second phass of proposals includes studies of yn — K°F. This is complementary to un-
derstand K7F reaction mechanisms: dominant r-channe] contributions are suppressed. and hadronic
coupling constants used to describe the reaction mechanisms are related via SUC) symmetry. K
measumments will also be extended to search and establish higher ¥* states,

4. Preliminary amalysis

The analysis presented was performed on data from the first extensive beam time period of 21
days during June and July 2015, An incident electron beam energy of 2.9 GeV was used with a liquid
hydrogen target. A diamond radiator was used to produce a linearly polarised bremsstrahlung photon
beam. with the coberent edge set at 1500 MeV [20]. Approximately 280 hours of data wer taken
with suitable hardware triggers for analysis of hadronic events,

41 K7Y idennificarion in the BGO ball

KT are stopped within the crystals of the BGO calorimeter up to a kinetic energy of approximately
400 MeV, Using conventional clustering algorithms, the measured encrgy signal is not proportional
to the K7 energy due to the subsequent weak decay within the crystals. A technique was developed
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5. Concl ns and acknow ledgements
Uszing commis=sioning data, the BGO-0D experiment and analysis is proven to be ready for stud-
ie= in strangeness photoproduction. Intense data taking periods for high statistics data has begun.
We thank the technical staff of ELSA and the INFM, and the participating institutions for their in-
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JkcnepumMmeHTanbHasa yctaHoBka BGO-OD ugeanbHO nogxoauT Anst N3y4eHus
MHOI0-4aCTUYHbIX KOHEYHbIX COCTOSIHUIM CO CMeLlaHHbIMK 3apsigamun. HagexHas
naeHTndurkaumsa Yactuy, obecnedumBaeTcs Kak B obrnactu manbix yrros,
nepekpbiBaeMon 60MNbLLINMM MarHUTHbIM CMEKTPOMETPOM, TaK N LIeHTPanbHOW
obnactn BGO-getekTopa. Ocobo crnegyer OTMETUTL, YTO B NepeaHeEM
HanpaeieHUU BbIfIETa YacTuL, BbICOKOE pa3peLllueHne gocTturaeTcs ansi NpoToHOB
c 6onbWUMM UMNYNbCaMM.

Kpome Toro, K+- n K—-mMe30Hbl YETKO NOEHTUUUNPYIOTCH, TakKe OOAHOBPEMEHHO,
YTO OYEHb BaXHO AN POTOPOXKAEHMSA P-MEe30HOB. Bbicokast ad(PeKTUBHOCTL
perncTtpaunn HeUMTPOHOB nony4vaeTca bnarogapst KomomHaunm BGO-getekTopa u
BpemMsa-nponéTHoro getektopa. OcobbiM AOCTONHCTBOM SIBASIETCS BO3MOXHOCTb
ncnonb3osatb BGO-geTekTop npu oopMmnpoBaHuUnN TpuUrrepa.
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Driftkammer - Aufbau

8 Driftkammern mit je 2 Signaldrahtebenen Senkrechter Schnitt durch eine Kammer
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Search for narrow resonances in $\pi p$ elastic scattering from the EPECUR experiment.

EPECUR Collaboration
A. B.Gridney, I.G. Alekseev, V.A. Andreey, |.G. Bordyuzhin, W.J. Briscoe, Ye. A. Filimonov, V.V.Golubey,
D.V. Kalinkin, L.I. Koroleva, N.G. Kozlenko, V.S. Kozlov, A.G. Krivshich, V.A. Kuznetsov,
B.V. Morozov, V.M. Nesterov, D.V. Novinsky, V.V. Ryltsov, M. Sadler, I.I. Strakovsky, A.D. Sulimov,
V.V. Sumachey, D.N. Svirida, V.l.Tarakanov, V.Yu. Trautman, R.L. Workman.

Phys.Rev. C93 (2016) no.6, 062201
Experiment: EPECUR

Abstract

The analysis of high-precision TTp—1T+p cross-sectional data from the EPECUR Collaboration based on
the multichannel K-matrix approach is presented. The sharp structures seen in these data are studied in
terms of both opening thresholds and new resonance contributions. Some prominent features are found to
be due to the opening K channel. However, a complete description of the data is improved with the addition
of two narrow resonant structures at W~1.686 and W~1.720GeV.

These structures are interpreted as manifestations of S11 and P11 resonances. The underlying nature of
the observed phenomena is discussed.
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NMnaHnbi Ha 2017/ 1.

BoHH, CB-ELSA:
3aBeplueHMe MOAEpPHMN3ALMKM YCTAaHOBKU, BbIXo4 Ha Habop
CTaTUCTUKM.

BoHH, BGO-OD:
OGecnevyeHne HaOEXXHOU PaboTbl AEeTEeKTOPOB.
Y4yacTtue B UMKNax U3amMepeHumn.
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Baryon resonances

N(1=1/2) Mass/(MeWcz) A(1=3/2)
ex QM -T- QM ex
PDG 2014 S e = — ) P (2420)
T ===z 2400} N }ﬁgqg
G,g(2250}) === ==== | T N e e — D {2‘15{})
Hio(2220)\ /======= Iz N — H..(2300)
D, (2200& —  / mmmmmms - _____
‘Jwiz 1900 ===—==—=  TEEEEEET 2200}

AN SRR T e - Sz
Fllggggr BN = /) 1950
F (1990}/, :::::::__Ag 2000 lfj ESS{‘:?'SS]:I

5(1900)— — == —— -~ - P>(1910
pr20y | ======: % £ fmos;]
Dﬁﬂ%g}\ 1800 | \s] {mu{)]
15 {16800\ F’ (1750)

(1675)— D33{1TU{})
':;15(1650) 1e00 L — Sn(1620)

11 (1535) P — ~(1600)

D.5(1520—

Pr(144077 1400 |

200k — P,,(1232)
QM — quark model - S. Capstick and
ook W. Roberts, Phys. Rev. D49, 4570;
P,,(939) — | D57, 4301; D58, 074011.

Up to an excitation energy 2.4 GeV, about 45 N states are predicted but only 19 have some
experimental association, including one and two-star resonaces



