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Strangeness photoproduction at the BGO-OD experiment

© Introduction & motivation - parallels in strange & charmed quark sectors?
@ The BGO-OD experiment at ELSA, Bonn
© Strangeness photoproduction - first results:

o KO photoproduction off proton & neutron (deuterium) targets
o Extreme forward cross sections for K™Y and excited hyperons

o Future opportunities with BGO-OD
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Introduction - N* spectrum: CQM vs. experiment
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1. Introduction - Status of N* spectroscopy

(:a%) I,B,'\'A?: (ZP(I;%) @ hadronic structure & relevant
degrees of freedom -

+ * *k
:gggg;gg, ok - e 3 quark states only?
N(1880)1/2+ . . o Molecule-like states,
N(1895)1/2— Horkx b meson-baryon degrees of
N(1900)3/2+ ** ok b freedom?
N(2060)5/2— el *
N(2150)3/2— *x ** L.Ya. Glozman and D.O. Riska, Physics Reports 268 (1996)
A(1900)1/2— * * ** 263, C. Garcia-Recio et al., Phys. Lett. B 582 (2004) 49,
A(1940)3/2— * > > M.F.M. Lutz, E.E. Kolomeitsev, Phys. Lett. B 585 (2004) 243.

Bonn-Gatchina partial wave analysis

@ How would this manifest in reaction
BnGa - E. Klempt, A. Sarantsev, U. Thoma, V. Nikonov mechanisms & eXCitation spectra?

@ Wealth of data from ELSA, MAMI,
GRAAL & CLAS facilities

@ Much improved understanding of
known resonances, but few new
states observed
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1. Motivation - Exotic phenomena in the charmed sector

Pentaquark candidates observed at LHCb _
P.(4450)* & P.(4380)" at £ D* threshold ~ X(3872)— m"7~J/% - most cited J

R. Aaij et al, PRL 115, 072001 (2015) paper from Belle, priot, 262001 (2003)

@ ®) K -
{ % ot ba_%g} _ Very close to D°D% threshold
od y AR
==, e —

Meson-baryon dynamically generated states
in the charmed sector - J-J. wy, R. Molina, E. Oset,
and B.S. Zou, Phys. Rev. Lett. 105, 232001 (2010) L IC N S
Forsaken pentaquark particle spotted at Wt t

CERN 9548 484 ase S8 30 495 364 3% Ss 4

my (GeV/c?)

B. Aubert et al (BARBAR Collaboration), Phys. Rev.

Events /( 0.005 GeV/c?)
8

s a9 N
8

"
8

D77 111101 (2008)
JPC verified: 111 R Aaij et al. (LHCD
Collaboration), PRL 110, 222001 (2013)

X(3872) - molecular D°D°* state?

N.A. Térnquist, Phys. Lett. B590, 209 (2004)

Nature 523, 267 (2015)
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1. Motivation - Similarities in the uds sector?

Tom Jude (University of Bonn) Strangeness photoproduction at BGO-OD  NSTAR 2019. 13th June 2019 5/35



1. Motivation - Structure of the A(1405)

K. Moriya et al. (CLAS) Phys. Rev. C 87, 035206 (2013)

@ Well established since the 1960's 3t We 210 Cev ]
but peculiar features! = E, = 1.88 Gev
@ Difficult to reconcile within a CQM % 2r
e Mass too low compared to §
N*(1535) c oy
e Large spin orbit splitting to
/\(1520) 9 ] 14 TE Ts
@ Lies between the 7¥ & KN En Invariant Mass (GeV/c”)
thresholds @ A(1405) - dynamically generated by
@ Line shape (invariant mass) meson-baryon interactions?
depends upon the decay mode J.C. Nacher, E. Oset, H. Toki, A. Ramos, U.G.
(_> WOZO, 7T+ny 7r*):+) Meissner, Nucl. Phys. A 725 (2003) 181
o Distorted by interference of Isospin @ LQCD: JM.M Hall et al., PRL 114 (2015) 132002

0 & 1 amplitudes

@ UxPT: R Molina & M. Déring, Phys. Rev. D 94,

056010 & 079901 (2016
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1. Motivation - Cusp in yp — K%L T cross section

R. Ewald et al.,Phys. Lett. B 713 (2012) 180 (CBELSA/TAPS Collaboration).

This data: Full squares, Previous CBELSA-TAPS data: open squares, Previous SAPHIR data: triangles (references therein)
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1. Motivation - K° photoproduction

A. Ramos and E. Oset, Phys. Lett. B
727, (2013) 287 The role of vector-baryon channels &
resonances in the yp — KOst & yn — K50 reactions near

the K* A threshold

@ The same model that predicted P,
states as meson-baryon dynamically
generated!

@ Cusp - destructive interference of
dynamically generated N* states

@ Predict constructive interference &
peak in yn — K930

il
YAP)

Tom Jude (University of Bonn)
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1. Motivation - Parallels between charmed & strange

sectors

Table from H. Schmieden, private communication (2018)

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*0 | A*D +¥.D* | K*K + KK* | A*K 4+ XK*
quantum nos. JPC = 14+ JP=@3/2)~ | JPC =1+ | JP=(3/2)"
3-body threshold DODOr0 D00 KK Kl
closed flavour channel J/pw XelD & £0(500) op
c-sector s-sector
> Q D* - Q K*
2 S
e »y >
Ne Q Y (/1\;20) Q -
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1. Motivation - Threshold dynamics

Figure from H. Schmieden, private communication (2018)

narrow !oeak narrow peak
A(1405) & cusp in n n/p in ¢p cusp in KZ
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1. Motivation - Experimental requirements

@ Charged particle identification at extremely forward angles -
reaction dynamics at very low momentum exchange (t-channel)

@ High forward momentum resolution

@ Reconstruction of complicated, mixed charge final states -
eg KTA(1405) — KH(7°2%) — K+ nOypr—

K: :Tr o'--. . K+I "’ :\
| | ."’,—‘ . | W _--" .
— NI "\ /p ‘ /\(1405)'\'\~ g

. LT g

@ Unique & complementary to existing facilities (eg CBELSA-TAPS neutral
particle reconstruction, CLAS charged particle reconstruction).

BGO-OD at the ELSA facility, Bonn
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Strangeness photoproduction at the BGO-OD experiment

@ The BGO-OD experiment at ELSA, Bonn

o

universitatbonn
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2. The Electron Stretcher Accelerator (ELSA)

A 3 stage e~ accelerator delivering continuous electron beams up to ~ 3.2 GeV

hadron BGO-0D
i - 0 1
physics  ~|bjlaa, ., _, . ~. = Bt
experiments - 2 -~ = Quadupole
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Crystal Barrel “‘;*9 ) i N = Rado Frequency
andtioe
o | \,
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2. The BGO-OD experiment at ELSA

Spokespersons - H. Schmieden (Bonn) & P. Levi Sandri (Frascati)
@ BGO calorimeter (central region) & Forward Spectrometer combination

@ High momentum resolution, excellent charged & neutral particle ID

BGO ball Open Dipole magnet

Y monitoring

Beam dump

Tagger magnet

Goniometer
g

e'-bew
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2. The BGO-OD experiment at ELSA

Spokespersons - H. Schmieden (Bonn) & P. Levi Sandri (Frascati)
@ BGO calorimeter (central region) & Forward Spectrometer combination

@ High momentum resolution, excellent charged & neutral particle ID

carbon structure

BGO-crystals

~ BGO ball MOMO SciFi2

photon beam

MWPC

]
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2. The BGO-OD experiment at ELSA

Spokespersons - H. Schmieden (Bonn) & P. Levi Sandri (Frascati)
@ BGO calorimeter (central region) & Forward Spectrometer combination

@ High momentum resolution, excellent charged & neutral particle ID

BGO ball Open Dipole magnet

Y monitoring

Beam dump

Tagger magnet

Goniometer
g
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51, 6 (2015)

M. Williams et al.
(CLAS), Phys.
Rev. C 80, 065208
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Particle B

Counts (log scale)
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Strangeness photoproduction at the BGO-OD experiment

@ Strangeness photoproduction - first results:

o K photoproduction off proton & neutron (deuterium) targets

&0
universitatbonn
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3. First results - Identification of K%+ with BGO-OD

@ Cusp-like structure in the cross section.
K*? subthreshold production
rescattering to 70 & K97

@ Access yp — KXt via different decay
modes!

@ KO decay vertex determination with
MWPC (analysis underway)

E, [MeV]
1400 1600 1800 2000
120 =
1:— Yy Y
F —o aN=20, ARy, =, =165
08 KA K:
06>~ : ‘
L ¥
041
02F
£ | . L : n
P 300 1900 2000 2100 2200

A. Ramos & E. Oset, Phys. Lett. B 727, (2013) 287

S. Alef PhD thesis work

B. -E Reitz PhD thesis work
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3. First results - yn(p) — K°%° using a deuterium target

-- VB =K'Y
“ VB =K'A
— totalyn —> K5’

Peak predicted - “smoking gun” for reaction
mechanism!

A. Ramos and E. Oset, Phys. Lett. B 727, (2013) 287

o0 [14b]

K. Kohl PhD thesis analysis - 18:00, parallel

. |
session C today fhoo 1900 W0

1 ==
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@ K° — 27%in the i
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0 20001
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3. First results - yn(p) — K°%° using a deuterium target

K. Kohl PhD thesis analysis - 18:00, parallel session C today

@ Consistent with prediction from coherent interference of vector
meson-baryon dynamically generated resonances

—~0.25r "
(2] L s i
3 F -0.1 <cos ecm <0.2 Predicted structure
2 02F OCRNOMIVRRR I |dlontification via
% [ (Horizontal error bars (arbitrarily'scaled) 0 .
) - indicate bin width) o K° — mrm
8 0.15F
r B.E Reitz PhD thesis analysis
0.1~
r @ Detached decay vertex ID
0.05- using the MWPC
g j_ (cT ~ 2.7 cm)
0*7‘;+7 T @ Improve statistics &
1000 1500 2000 2500
Photon beam energy (MeV) forward acceptance y
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Strangeness photoproduction at the BGO-OD experiment

o Extreme forward cross sections for K™Y and excited hyperons

&0
universitatbonn
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3. First results - Mass recoiling from forward

@ The study of Y* states in an extremely low momentum transfer region

All events for K* momentum < 1 GeV Discriminate states with (K*1%) missing mass

£1000F |A(T116) %
3 i £(1193) =
O 800 o«
L (%]
F ©
600F £
F 2
400F 3
F @
200F g
b %
0 . . . . X 900 Al g ol 2 ",
1000 1200 1400 1600 1800 2000 1300 1400 1500 1600

K* missing mass [MeV/c?] K* missing mass [MeV/c?

Identify Y* states from K*7° recoiling mass

@ K*A — K*x%n (Missing neutron mass from K70 system)
@ KTA(1405) — KT7%%% (Missing ¥ mass from K*79 system)
@ KT%(1385) — KTn®A (Missing A mass from K70 system)
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3. First results - yp — K(A(1405) — X70)

G. Scheluchin PhD thesis analysis - 16:30, parallel session C today
@ Line shape for A(1405) — ¥07°

@ High statistics data with access to low momentum transfer (forward) region

: f BGO-OD full top.
2 e ANKE 2007
g [ CLAS 2013
3 60—
= +++++
o #M a ty
o;—_ 4 R o4 + ++ -
Ht
-20

U T S SN AN SR SR S S T T S SR S SN SRS S S ENT SUT ST S S N
1300 1350 1400 1450 1500 1550
21 invariant mass / MeV

CLAS: K. Moriya, R. A. Schumacher et al Phys. Rev. C 87, 035206 (2013)
ANKE: I. Zychor et al, Phys. Lett. B 660, 167 (2008)
Dashed line: J.C. Nacher et al. Phys.Lett. B455, 55 (1999)
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3. First results - yp — K(A(1405) — X70)

G. Scheluchin PhD thesis analysis - 16:30, parallel session C today
@ Differential cross section for A(1405) — ¥97°

@ Two data sets -

o Full topology using all detectors (black points)
e High momentum resolution at forward angles (green points)

E,=1550..1750 MeV E,=1750..1950 MeV
0.1~

i I
—+ _._Jrl[ﬂw“ ! |][”l J[HILJHLH‘F )
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I | BGO-OD full top. ]
o |+]¢,,+H

—0 5 0.0 05 -0.5 0.0
€08(0¢yys)

—

do/dQ/ pb / sre

0.1~

CLAS: K. Moriya, R. A. Schumacher et al Phys. Rev. C 87, 035206 (2013)
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3. First results - yp — K(A(1405) — X70)

G. Scheluchin PhD thesis analysis - 16:30, parallel session C today
@ Differential cross section vs v/t for A(1405) — ¥°7°

‘ CLAS
BGO-OD full top.
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CLAS: K. Moriya, R. A. Schumacher et al Phys. Rev. C 87, 035206 (2013)
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3. First results - KA at forward angles (motivation)

Not only Y* states at forward angles important - photoproduction of ground
state hyperons at low t virtually unconstrained by data!

)

0.4 : ——

e CLAS2010
CLAS 2005

—.— Saclay-Lyon
-+ Kaon-MAID

[ |

do / dQ [pb/sr]

- @ Effective meson-baryon
oo Lagrangian

i

/
/4

03f - . ..
ol L 3 @ Explicitly added
01 7 w=2205GeV ¥y, T % :
oL . | 4 ¢ | g‘\.‘f""“%—- s i R R B resonances:
0 30 60

ec_m??d ] 120 &1 R > 20 for strangeness
= .
K photoproduction!

Isobar models

D. Skoupil, P. Bydzovsky, Phys. Rev. C97, 025202 (2018) (& refs. therein)
MAMI - T. C. Jude et al., Phys. Lett. B 735, 112 (2014)

CLAS 2005 - R. Bradford et al., Phys. Rev. C 73, 035202 (2006)

CLAS 2010 - M. E. McCracken et al., Phys. Rev. C 81, 025201 (2010)

Tom Jude (University of Bonn) Strangeness photoproduction at BGO-OD NSTAR 2019. 13th June 2019

23/35




3. First results - KA at forward angles (motivation)

Crucial for hypernuclei

electroproduction

@ eg e+ °C - Kt + 2B at
very low @2 (A remains within
nucleus Fermi surface)

@ Natural laboratories to probe
the Y — N interaction!

@ Essential for astrophysical
phenomena & SUfavour(3)
description of baryon
interactions

@ eg Saclay Leon model for
ple, e’ KT)A
T. Mizutani, C. Fayard, G.-H. Lamot & B.
Saghai, Phys. Rev. C 58, 75 (1998)

——- BSI

— BS3
Saclay-Lyon

-+ Kaon-MAID | 7

o Bleckmann

= Brown

s E94-107

do /dQ [ub/sr]
s
&

0.1

L L | L | L L
1 1.2 14 1.6 1.8 2 22 24
Ef" [GeV]

D. Skoupil, P. Bydzovsky, Phys. Rev. C97, 025202 (2018)

At BGO-OD

@ Forward CM polar angle range approx.
+
3-26°, 0.9 < cos X < 1.0

@ Unprecedented X resolution (< 1°)!
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3. First results - Forward K™

E Data (black) W = 1647 MeV | W = 1669 MeV W = 1688 MeV
itted simulated K*A (red) E
itted e* & ©* background (cyan) _
otal fit (blue) E m
50 m«mﬁwﬁe«h ;,w,“ . 'i%“.‘"“;"”-ﬁ. . : 2 ¢ |
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Distribution of e* & 7™ background determined by comparison to e~
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Flttlng routines using RooFit https://root.cern.ch/roofit

K* Missing mass [MeV/c?]
and ™
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3. First results - Forward K™: different selection cuts

Option 1: Standard analysis

+ Identify ©°— yy in the BGO + Identify y from £°—yA
[}

o + 21200 S1400F P, in 3 rest frame:
Missing mass from forward K s Select events §1200_ Y
W = 1789 (beam energy 1236 MeV)| 21000 above red line Took E, =My -m, =77 MeV
+
Select +2¢0 forward K* mass g - 00k Real data
3 Simulated K*s°
@ 600F imulate
E 600) 400F
® E
& 400) 2 200 I ) ,
800 1000 1200 1400 00 100 200 300 400 500
. K* Missing mass [MeV/c? v energy (£° rest frame) [MeV]
©160) 280
140 <70
& )
=120 =60
2 [
1 100| 71 50
80 40

PETnARE L ok 3
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3. First results - Forward K™: different selection cuts

Option 2: 7° analysis (identify A — 7%n)

+ Identify n°— yy in the BGO

+ Identify y from =’—yA

L:moo

> [ 0 .
Missing mass from forward K* | 212000 o . o . S 1400F P, in £° rest frame:
W = 1789 (beam energy 1236 MeV)| 21000l above red line D1200F E, =my-m, = 77 MeV
Select +2¢ forward K* mass £ L0
2 800 800F R_eal data o
3 600F Simulated K’z
‘E 600 400F
® E
& 400 . 200 A ) ;
600 800 1000 1200 1400 CU 100 200 300 400 500
K* Missing mass [MeV/c? v energy (£° rest frame) [MeV]
% 160F o 580
3 i i
S120E 550 E 60 i
& 100F 71 40 121 50) d 1
80F 30| 40 I \
60F Iy Ii 30 -
| 20) 1 it
O *;‘,ﬁ“*‘i”" Hi 1 20 \h]
S 14 ] A 10
fi]
20§y . . # s ‘ 10f ,m"m_!l p Ty
gUO 900 1000 1100 1200 1300 1400, 800 900 1000 1100 1200 1300 1400 QOO 900 1000 1100 1200 1300 1400

K* Missing mass [MeV/c?

K* Missing mass [MeV/c?]

K* Missing mass [MeV/c?
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3. First results - Forward K™: different selection cuts

Option 3: X0 decay analysis (identify % — yA)

+ Identify n°— yy in the BGO

+ Identify y from I"—>yA

> i) o _
Missing mass from forward K* 212008 o lect events 51400t P, in X" rest frame:
W = 1789 (beam energy 1236 MeV) %1000l above red line O 1200F E, =my-m, = 77 MeV
Select +2¢ forward K* mass £ L0
= 800F Real data .
3 600F Simulated K*X
3 400F
® E
& --: - - L L 1
800 1000 1200 140C Q100 200300 400 500
K* Missing mass [MeV/c? v energy (£° rest frame) [MeV]
% 160F ) 2 80)
S120F == £60 i
& 100F T 40 1 50 d 1
80F 30 40, I \
60F Iy Ii 30 -
| 20) 1 it
O *;‘,ﬁ“*‘i”" Hi 1 20 \h]
/1 CR 10)
20f 1 . . 11L o b ‘ 10F, h."ﬂw_}l Ty
800300 7000 1100 1200 1300 7400 800 900" 1000 1100 1200 1300 1400] 800 900 1000 1100 1200 300" 1400

K* Missing mass [MeV/c?

K* Missing mass [MeV/c?]

K* Missing mass [MeV/c?]

NSTAR 2019. 13th June 2019 26 /35

Tom Jude (University of Bonn)

Strangeness photoproduction at BGO-OD



3. First results - Forward KA differential cross sections

A, 0.9<cos 65 <1.0 BGO-OD, preliminary
CLAS (McCracken *10)

+

<2

T
l
A

o
[3)

¢ o
- W
I ‘ LI ‘ LI ‘ LI ‘ LI | T

| SAPHIR (Glander °04)

do/dQ [ub/sr]
o
N

o
[\

0.1

3?I | | | | |

1650 1700 1750 1800 1850 1900

o

R. Bradford et al., Phys. Rev. C73, 035202 (2006), M.E.McCracken et al., Phys.Rev. C81, 025201 (2010), K.H. Glander et al.,
Eur. Phys. J. A19, 251 (2004), Bonn-Gatchina PWA: Eur.Phys.J. A50 74 (2014) CLAS 0.85 < cos 0 <Y < 0.95.
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3. First results - Forward KA differential cross sections

@ Unprecedented angular resolution ~ 0.01 in cos 05;,!

0.5

0.90 < cos 6, <092 | 092<cos 6f,<094 | 0.94<cos 6f,<0.96
0.4f d
0.3
0.2
0.1

do/dQ [ub/st]

0.96 < cos 6, < 0.98

05
= 04f
Qo3
0.2
0.t

b/sr]

BnGa PWA, 2014

iy,
++ Prague Isobar

b

do/

0.98 < cos 6, < 1.00

1200 7700 180000 1700 1800
W [MeV] W [MeV]

Prague Isobar model: D. Skoupil and P. BydZovsky Phys. Rev. C 97, 025202 (2018) Bonn-Gatchina PWA: Eur.Phys.J. A50

(2014) 74 KaonMAID: F.X. Lee, T. Mart, C. Bennhold, H. Haberzettl, L.E. Wright, Nucl. Phys. A695 (2001) 237
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3. First results - Forward K*A recoil polarisation

First ever data set at extreme forward angles! )
yp > KA, 0.9<cos 6, <10
@ Access via the o TE
- H 0.8 BGO-OD, preliminary
self-analysing weak decay iy GLAS (McGracken “10)
of the A o4E- GRAAL (Lleres "07)
“E BnGa PWA
@ Up-down asymmetry 02
between A decay & the Og***v}** ?J‘.FF {
. —0.2F
reaction plane F { } }1
—0.4F
o A — 7%n identified in the 0.6
BGO e |
I es0 700 1750 7800 850 1900
o Py= 2 Nup = Naown W [MeV]
o Nup + Ndown
@ a=0.642 M.E.McCracken et al. (CLAS), Phys.Rev. C81, 025201 (2010).

>

(A decay parameter) Lleres et al. (GRAAL), Eur. Phys. J. A 31, 79 (2007)
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3. First results - Forward K19 differential cross sections

@ ‘“cusp” like structure at W = 1900 MeV? (maybe hints in previous data?)

yp -»KZ% 09<cos 6§,<1.0

BGO-OD, preliminary
CLAS (Dey °10)
SAPHIR (Glander ’04)

do/dQ [ub/st]
o
N
[6)]

o
[N

0.15
*
9 N
0.05F
O:‘ | P P B P PRI P
1700 1750 1800 1850 1900 1950
W [MeV]

R. Bradford et al., Phys. Rev. C73, 035202 (2006), B.Dey et al., Phys.Rev. C82, 025202 (2010),
K.H. Glander et al., Eur. Phys. J. A19, 251 (2004), CLAS data in cos 0<Y 0.85 to 0.95 interval
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3. First results - Forward K19 differential cross sections

@ “Cusp” appears more pronounced at most forward angles!

vp — K*z°, forward angles

§0_1.8;B°th BGO-0D (preliminary) + {
o6 2900 "Efﬂ<"°° $ ; t ¢ t ' Threshold effects at low
Bo.1af- 000 <cos "cm<°f5+ t + t {2 momentum transfer?
0.12
e dhos 8 #H @ At W ~ 1900 MeV, close
0.08F- p t G 3 to several thresholds:
0.06
ooaf gt e " o KTA(1405)
§ K*A(1405) o p £(980)
0.02- threshold! P o
0760 1750 1800 1850 1900 1950 e

W [MeV]
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Strangeness photoproduction at the BGO-OD experiment

o
2]
o
o

e Future opportunities with BGO-OD

&0
universitatbonn
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4. Future opportunities in strangeness photoproduction

“ " . _
® yp — K*A(1520) - “Cusp @ Deuterium target: yn — KT¥~ &
seen in forward cross section at vn — KTX7(1385) (limited data at
LEPS forward angles, s. Anefalos Pereira et al. (CLAS),
H. Kohri et al. (LEPS), Phys. Rev. Lett. 104, Phys. Lett. B688 289 (2010). H. Kohri et al. (LEPS) ,Phys.
172001 (2010) Rev. Lett. 97, 082003 (2006). K. Hicks, D. Keller, H. Kohri
I, Phys. Rev. Lett. 102, 012501 (2
@ A(1520) observed at BGO-OD: etal, Phys. Rev. Lett. 102, 012501 (2009))
@ 1st analysis at BGO-OD:
K* missing mass example at W = 2100 MeV 2]
g 220 1200; Liquid I'_lydrogen target
g Data (black points) P (analysis shoul)
% . . 1000~ Liquid deuterium target
Qe = Simulated K*A(1520) L (preanalysis underway)
w E i, Total fit 800~ g
z_ +'}Ii+ﬁ_ groung 600 3
E ; 4001 -
2001 =
it n M O o5 200 7400 7800 7800 2000
1350 1400 1450 1500 1550 1600 1650 1700 K* Missing mass [MeV/c]

K" Missing mass [MeV/c’) K*¥~ Photoproduction -
Johannes GroB Master's thesis analysis
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Beam asymmetry for vp — n'p near threshold - motivation

Previous GRAAL data:
A. Fantini, R Di Salvo P. Levi Sandri

EV 1461 GeV

E,=1.480 GeV'
W=1.912 GeV'

50 100 1.%0
n
6.y, (degree)

Tom Jude (University of Bonn)

@ Strong variation in yp — 1'p beam
asymmetry near threshold

@ Suggested evidence of narrow
resonance at W=1903 MeV,
JP=1/27,T ~21 MeV

n and n’ Photoproduction on the Nucleon with the Isobar

Model EtaMAID2018, L. Tiator et al., arXiv:1807.04525 (2018)

Near threshold the recoil proton is
always in our forward spectrometer!

26000 s

n

Counts

24000
22000
20000}
18000
16000}

14000

900 920 940 960 980 1000 1020 1040 1060
Forward proton missing mass [MeV]
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Beam asymmetry for vp — n'p near threshold - motivation

S. Alef PhD thesis analysis - 18:00, parallel session B Tuesday

This work:

GRAAL results:

(very preliminary work in

progress!)

n0.3

0.25 E‘f = 1456.62MeV

0.2
0.15-
0.1

0-
-0.05k

0.05_'__1_

+++

-1

-0.5 0

E,=1.461 GeV ]

0.2~ W=1.903 GeV |

0.1 1

oi

01 E

. 02 E
'cos((ayc],""s) 0 Sb 160| I - 15|0

0. (degree)

L. Tiator et. al., Eta and Etaprime Photoproduction on the

Nucleon with the Isobar Model EtaMAID2018

Tom Jude (University of Bonn)
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@ Molecular-like structure in the light

quark system? Parallels between heavy BGO-OD presentations

charm and uds systems?
@ 18:00 Tuesday

e BGO-OD - strangeness 1’ beam asymmetry at
photoproduction at extremely forward threshold
angles & low momentum transfer Stefan Alef

@ K°X° photoproduction - preliminary

results consistent with dynamically @ 16:30 Thursday
generated meson-baryon resonance KTA(1405) photoproduction
contributions Georg Scheluchin

@ vp — KTA(1405) — 97 - lineshapes

& differential cross sections @ 18:00 Thursday
_ K25 photoproduction
@ K'Y photoproduction at forward Katrin Kohl
angles - cusp in yp — K720 at /
W ~ 1900 MeV
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Extra slides

Tom Jude (University of Bonn) Strangeness photoproduction at BGO-OD NSTAR 2019. 13th June 2019



4. Future opportunities in strangeness photoproduction

Models of YN forces - cusps at YN &

. . YN thresholds
@ Study the A — n interaction - Very ik

little data available! 0

Ey =13GeV Total

@ Final state interactions for 25

vd — KTA+ (n)
@ KN, YN & pion mediated
@ Ok < 30° - FSI dominated by Y-N

do [ (dpg dQy) [nb c /(MeV sr)]

750 800 850 900 950 1000
rx MeV/c)

K. Miyagawa, T. Mart, C. Bennhold, W. Glockle, Phys. Rev.
C74 (2006) 034002

Hypernuclei photoproduction at
BGO-OD? J
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Previous yp — K%~ measurements

0.5

@ The 1st beam asymmetry measurement
R. Ewald et.al, PLB 738 (2014) 268
(CBELSA/TAPS Collaboration)

\ 7t

cos 6"=-04  Leos 6=0.0

| cos 6" =+0.8

05 3 {'
cos 6:(""= +0.4 b S
1500 2000 1500 2000
Photon beam energy [MeV]
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Previous yp — K%~ measurements

R. Ewald et al.,Phys. Lett. B 713 (2012) 180 (CBELSA/TAPS Collaboration).

This data: Full squares, Previous CBELSA-TAPS data: open squares, Previous SAPHIR data: triangles (references therein)

0.12
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0.08f 1F 1 % 1
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4 1 SEEETR: | AR
E o 1k . PR E
ool B % % 4 :
0.12
£ 1350 MeV-—1450 MeV 1 [ 1450 MeV-—-1550MeV | J [ 1550 MeV — 1650 Mevﬁ,
0.08} é%, B L‘}’ E E
] d 4t AL ¥
= b, ‘Jf a4 4f 1 i E
5 004 o ¥ . fia] W ] 7% " E 3
= 00 .
o 012 prrrrrrrr e S ——— e
2] L 1650 MeV-1750 MeV | | 1750 MeV-1850MeV 3 [ 1850 MeV—1950Me\/ El
3 oosf g4k 1t ]
£ JF } §7 £ 3
0.04F d # ﬂ 1k p ,:{‘ ' 3 b
Al | TR LW S B
03
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Tagger timing

mwxw’ E‘W_wg
120 120p- RF bunch structure|
100 100 from ELSA
o G ~ 160 ps
80 80
60 60f-
4 aof-
20 20
Eoo o VB A A A
R —T 0 200 4 Q0TS 2 Ta T

00 600 8
Cluster Time [ns] Cluster Time [ns]
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Incident photon beam parameters

@ Energy tagged v beam < 3 GeV, 250 ps time resolution
@ Current <2 nA, 10 nA upgrade planned

@ Circularly and linearly polarised « beams available

Coherent bremsstrahlung using a diamond radiator

30% polarisation at 1.8 GeV with an incident electron energy of 3.2 GeV
= §
g E B olamme
S 17 §5_ .
S [y b
§ 16— Tagger (scintillator bars) s% ;. L
P e " 3 "
e s Argus (fibers ¥ " P
2 15F gus ( ) }‘ ) f -
s E r k) -
® e ig & E g,
19— : Rl =5 5
1 22—
1 1?— e
e
1ol P P I |
500 1000 1500 2000 2500
photon energy in MeV
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K™ identification in the BGO

@ Time delayed, K+ weak decay within the crystals of the BGO ball
@ T.C Jude, D.I. Glazier, D.P. Watts, et al, PLB, 735 (2014) 112

Lifetime 12 ns, BGO 1908
. tal *
2 main decay modes: - }
T6ns
Kt = phy,
Kt — ntn® 3ns 1ens
Wu +
K K Incident sub-cluster

o F o F
S Real data 5 6000F"
(&} - . o F
E Simulated data 5000f
2500 E Fitted lifetime ~ 11 ns
F 4000
2000F E
1500F 3000F
1000 2000
500F 1000f
E E Il Il Il L i L 1
0() 50 100 150 200 250 300 350 400 GU 10 20 30 40 50 60 70 80 90 100

Decay cluster energy [MeV] Decay time [ns]

Tom Jude (University of Bonn) Strangeness photoproduction at BGO-OD NSTAR 2019. 13th June 2019 35/35



Identifying the X° — Ay decay (I' = 100%)

£400E@ L Sim.K'A & K'T data
S F I Sim. KA data
300 : +5:0
E | Sim. K'L" data
. . 200
@ Boost all neutral particles in the g
BGO into missing hyperon rest 100E
frame % T80
vy energy in the =° rest frame [MeV]
o If KTX0: ‘§1200§(b) Without Z—yA
31000F .
o Tk With Z—yA
@ v energy (X0 rest frame) = 8001
Mso — Mp = 77 MeV 600
400;*
@ Efficiency scale events 200
i i 067500 1006 1100 1200 1300 1400 1500 1600 1700 1800
Wl_th_/WIthOUt ID to separate Missing mass recoiling from the K* [MeV]
missing mass spectrum 2 5
S/ 0oL (€) K*z? events removed
31000
© 8005 Only K*2° events kept
Photon detection in the BGO to E
separate different KT Y* states! 3

800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
Missing mass recoiling from the K* [MeV]
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vp — KTX° with no initial particle Identification

Preliminary analysis , 25 days data, (G. Scheluchin, PhD thesis work)
@ K+ & N — pr~ over large acceptance region (1° < § < 1559)
@ Y0 decay photon in the BGO (£° — Av)
@ Technique used for higher lying Y* states (eg A(1405) — 7°%0)

Reconstructing the ¥ invariant mass

(a) Momentum (b) Kinematic fit & (c) Neural network to
conservation & K+ confidence level cut suppress background
“missing mass” cut

(a) All combinations (b) With a kinematic fit (c) Kinematic fit & neural network

50000F 50000 confidence level > 1% 50000f

40000 40000 40000}

Real data
Simulated K*x°

30000 30000 30000f

20000 20000 20000}

10000 10000 10000}

fioo 7200 1300 1400 1500  fi60 1200 . 7300 7400 71600 100 1200 1300 1400 1500
Reconstructed invariant mass [MeV] Reconstructed invariant mass [MeV] Reconstructed invariant mass [MeV]
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vp — KTX° with no initial particle Identification

BGO-OD (preliminary), CLAS: B. Dey, et al., Phys. Rev. C82 025202 (2010)
SAPHIR: K.-H. Glander et al., Eur. Phys. J. A19 251 (2004), LEPS: M. Sumihama et al., Phys. Rev. C73 035214 (2006) J

Vs=1690+15 MeV Vs=1720+15 MeV Vs=1750+15 MeV Vs=1780+15 MeV

T + W- %M;M

\s=1810+15 MeV \s5=1840+15 MeV \Vs=1870+15 MeV Vs=1900+15 MeV

' 04 o
a W |
g
3 o i kgr= 2 A
= M e .‘hﬁ %Jﬁ
e #
%} ol V=1930£15 MeV Vs=1960+15 MeV Vs=1990+15 MeV [ Vs=2030£25 MeV
B [
-c L
0.2~ B -
! e M e
Vs=2080+25 MeV Vs=2130+25 MeV V5=2255+100 MeV
04 r SAPHIR 2003
- }' _I_ LEPS 2006
o2 ++++ + CLAS 2010
-H- -.ul-iq‘_q. BGO-OD 2016
-1 -0.5 0 0.5 -0.5 0 0.5 1 -0.5 0 0.5
cos oK,
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Preliminary identification of K°~ with BGO-OD

Analysis by S. Alef

2 E 2 [

S 7000/ All data | — Siona - Gaussian it 52500/~ 1250 < EY < 1550 MeV

o E o C

6000 2000F
50005 Background - 4th deg. pol. E
4000~ 18001
3000 1000
20001 E

E 500 —
1000 =

obs | | ] obilit | L | TS S |
400 500 600 700 800 900 1000 00 400 500 600 o0 800 S0 K
Two n° invariant mass [MeV] Two =0 invariant mass [MeV]

@ P

€ 1000 S1000(—

3 1250<EY<1550 MeV Tk 1250<E,<1550MeV
800 -1.0 < cos GCM <-0.6 a0l -0.6 < cos GCM <-0.2
600 e+
400 mu}

200 20
L £
0 | L I I L Ll 1 L I I | oL
400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
Two = invariant mass [MeV] Two = invariant mass [MeV]
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r - Systematic checks

o Efficiencies calculated and simulated for all detectors & triggers

@ Use vp — np to test forward spectrometer systematics

Detector efficiency checks & corrections Forward protons from yp — np
g ol £18000F - -
£ 0.8 §1 6000F- Identify v p — (n—Yy) p in the BGO|
5 0'7 = TOF wall 2 efficiency (real data) 14000 Veto events with forward protons
8 0:5 . TOF wall 2 efficiency (simulated data) 12000f-
8 05 10000F-
8 0.4 Drift chamber X1, layer 1 (simulated data) 8000F Real data
2 03 6000F Simulated yp —» np
S 0.2ff In total: 16 DC layers, 3 TOF walls, SciFi 4000F-
& 04 MOMO, Triggers (timing & energy sums] 2000F-
0 0.5 0.6 0.7 0.8 0?9 1 00 200 400 600 800 1000 1200 1400 1600 1800 2900
Particle p Proton missing mass [MeV/c®]
v p — n p differential cross section: -1.0 < cos 9?—.. <-0.9 v p — n p differential cross section Expect flat distribution]
3 = 16F !
r-] BGO-0D, preliminary 3 E W =1529 MeV
= 1.2 ’ AE ——
o Crystal Ball (McNicoll *10) ? —t— —— —
S _ ) 3 F
® CB-ELSA/TAPS (Crede "09) 3 E W = 1505 MeV L
0.8 BnGa PWA — ————— ——
.
0.6 E B
! . W=tea7Mev L
0.4 e S
02) . 0.2FW = 1480 MeV —
. oE=—t - . . il
=750 600 700 800 1900 0.9 0.82 094 0.96 098

wikiev cos 6%,
V.Crede et al. (CB-ELSA), Phys.Rev. €80, 055202 (2009), E.F.McNicoll et al. (Crystal Ball), Phys.Rev. €82, 035208 (2010)
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Future opportunities: Hypernuclei production

600
%500 A\!
@ Hypernuclei photoproduction, eg 2 00| S
yH+2C = KT +/1\2 B - natural laboratory gm ~——
to probe the Y — N interaction Em L
@ Forward KT, coherent production, leaving £

the A within the Fermi surface of the 1000 1200 1400 1600 1800

. . Photon energy (MeV)
residual nuclei
P. Achenbach, arXiv:1101.4395 (2008)

2000

Opportunities for first real photon beam photoproduction?

In conversation with P. Achenbach & J. Pochodzalla, 2018

@ Mesic decay (A — w/N) identification in BGO - favour light nuclei

@ Identify specific states, eg v +12 C — 7% +12 C* — 7% +12 C ++ (4.4 MeV)

@ Can use “sensitive” targets that are spoiled by intense e~ beams (eg Li)

@ Hypernuclei lifetime measurements, angular K distributions, differential
cross sections...

v
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Future opportunities: Hypernuclei production

Coherent pion production (“non-strange” example)

@ Method similar to c.M. Tarbert, D.P. Watts et. af (A2 Collaboration) Phys Rev. Lett. 100 (2008) 13
0 Y+12C o a'4+12C* 5 70 +12 C++/ (4.4 MeV)
@ E2 transition, J™ : 2 — 0T, sin?(2a) distr. between nuclear recoil & ~'

@ ~ 2 hours of commissing data with BGO-OD:

1. Search for coherent n° events 2. Search for additional decay photon 3. Verification - decay y angular distr.
£ 900EE, = 297 MeV £ zgo i Exponential + Gaussian fn.  |£
5 5
5 800F- 3 Mean = 4.5 MeV S
$) All ° angles O 700F

7005 g 7% o ~ 0.6 MeV

600E90 < 40 600 h

500E 500F

400E 400F

300F 300F

200F 200F

= 100 .
100 X X X L L R e ot Not efficiency cprrected |
-300 -200 —100 O 100 200 300 2 4 6 8 10 0 50 100 150
Calculated - measured 7° energy [MeV] Photon energy [MeV] o [deg]
v

Tom Jude (University of Bonn) Strangeness photoproduction at BGO-OD NSTAR 2019. 13th June 2019 35/35



4. First results - Selecting forward K™ at BGO-OD

@ Mass calculated from momentum and f3

@ Select events +20 for a given KT momentum, py+

12}

£70Fp_, = 500 - 600 MeV/c 2 Fp =600-700 MeVic
3 K 3100 Mk
S 60 Real data o f
50 Simulated dat 8o
40 601~
30 40f;
20
10 20
Il Il Il thesttly, m h Il Il 1 Il o V
900 350 400 450 500 550 600 650 700 QOO 350 400 450 500 550 600 650 700
Calculated mass [MeV/c?] Calculated mass [MeV/c?]
§1 00fp,. = 700 - 800 MeV/c £140Ep, . = 800 - 900 MeV/c
8 80 3138; Low mass shoulder from
M - +
60F! 80E. /n*&e background
wf oof
o 40
20 20F
L i 1 1 1 froe, T ) I I I arherf]
900350 400 450 500 550 600 650 700 800 550 400 450 500 550 600 650 700

Tom Jude (University of Bonn)

Calculated mass [MeV/c?]
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3. BGO-OD Detector performance - forward spectrometer

Demonstration - yp — np differential cross section with forward proton J

@ —1.0 <cosfl,, < —0.9

@ Good agreement with existing data - systematics well understood!

%1 2; BGO-OD, preliminary
= i Crystal Ball (McNicoll *10)
kel [
g i CB-ELSA/TAPS (Crede "09)
08 | BnGa PWA
0.6 |
0.4 ’
0.2
O:‘.‘\HH\HH\‘H‘\Hm"—ﬂ#mno
1500 1600 1700 1800 1900 2000

V.Crede et al., (CB-ELSA), Phys.Rev. C80, 055202 (2009) E.F.McNicoll et al., (Crystal Ball), Phys.Rev. C82, 035208 (2010)
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4. First results - Forward KA differential cross sections

@ Unprecedented angular resolution ~ 0.01 in cos 05;,!
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