Ongoing Hadron Spectroscopy with
CLAS(6) and CLAS12

Derek Glazer
On behalf of the CLAS Hadron
Spectroscopy Working Group



Overview

CLAS experiment provided many high quality publications
on spectroscopy

* Data with real photon and electron beams

* Many analysis still ongoing

* Wide variety of physics topics covered

* First run period for CLAS12 on hydrogen target completed

* Data reconstruction progressing, approaching physics
level data quality



Baryon Spectroscopy with CLAS6



First results on N* photocouplings from mt+1t-p

E.N. Golovatch et al, CLAS
Collaboration, Phys. Lett.
B788, 371 (2019).
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Resonant contributions

* In 2019 partial update of the Review of Particle Physics the entries on photocouplings, A and pp decay widths for
many resonances with masses >1.6 GeV were revised based on the studies of n*np photoproduction with CLAS

* The global multi-channel analyses of exclusive meson photoproduction which employ the amplitudes from the
independent studies of the Nx, N, anN, wp, and KY channels will gain insight to the N* spectrum, in particular, in
establishing the new state of baryon matter.



Establishing the N* Spectrum from CLAS KY data

Hyperon photoproduction yp—K*A—K*prfrom CLAS

Bonn-Gatchina multichannel analysis: ?
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Establishing the N* Spectrun from CLAS KY data

-0.75 < cos 8, < -0.55 [ -0.55 <cos 6, <-035 -0.35 <cos B, <-0.15 -0.15 < cos 8, <0.05

Ry T

T

Q'." u?q_u.?,é??;#é. i
s =4+

i

0.45 < cos 0, <0.65 0.65 <cos f, <0.83

cos(eiy=0.65  |[cos(eiy=085 i

0.05<cos 6, <0.25

Beam Asymmetry, =

1 1 1 1

1618 2 222426 R TR R O R R R R R R A R R R T R
W (GeV)

T T T

W (GeV)

F-0.75 < cos 0, <-0.55 -0.55 < cos B, < -0.35 -0.35 < cos < -0.15 -0.15 < cos 0, <0.05

X

[ cos(ei™)=-0.

1

Beam-Recoil, O

& = il
0 et e SR -2 202000, o
T T | T = Sy | R T - S
1 L 1 ] L L i L L n L g

-2
1618 2 222426

121 12 16 17 18 19 2 21 12

W (GeV)

W (GeV)

oS



Advances in the exploration of the N* Spectrum

Several new nucleon resonances (| missing” states) have been discovered with the decisive
impact of the CLAS open strangeness photoproduction data. A.V. Anisovich et al.,
Phys. Lett. B782, 662(2018), V.D. Burkert, Few Body Syst. 59, 57 (2018).
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The next step: A descriptionJ of the exclusive electroproduction data off the proton with the same masses and

hadronic decay widths as in photoproduction will support the existence of new baryon states.

The request for theory support: Extension of the amplitude analysis approaches, which was successfully
employed for the extraction of the N* photocouplings, towards the photon virtualities Q2>0. for the extraction of the
N* electrocouplings from exclusive meson electroproduction data represents the most important avenue for the
theory support of the N* spectrum/structure studies with the CLAS and CLAS12.




Kaon photoproduction and Fierz indentities

@ Helicity space maps on Clifford algebra » Fierz identities: Chiang, Tabakin (1997
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Evidence for the Existence of the New State N'(1720)3/2*

from Combined wt*rrp Analyses in both Photo- and Electroproduction
N(1720)3/2* hadronic decays from the CLAS data fit with

W=1.71 GeV , Q*=0. GeV? conventional resonances only
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The Parameters of the N’(1720)3/2* IN(1720)3/2* States from
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Total width, MeV 1206 11218
BF(tA),% 46-64 313
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* N’(1720)3/2* is the only new resonance for which data on electroexcitation amplitudes have become

available.

* Gaining insight into the ""missing” resonance structure will shed light on their peculiar structural
features that have made them so elusive, as well as on the emergence of new resonances from QCD.
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Meson Production with CLASG6
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Cross Sections for K°2* - prrrrrm®

Z. Akbar et al. [CLAS Collaboration], in preparation.
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Cross Sections for K°2* -,

Z. Akbar et al. [CLAS Collaboration], in preparation.
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(Complete measurements) in w photoproduction

@ Event-based background subtraction
(event-based dilution factors) 6 — W = Angle between pw
<> vwoprtr V  Ap—=prta (7)) production plane and the photon
polarization plane in the overall
@ In analogy to pseudoscalar mesons: CM e,
do
g — ool 1 —drTees2g ¢ = Azimuthal angle of normal
+ Ax (=8, Hsin2¢ + 65 F) ’;o the w dec?_y ril_ane in_ h_elitt:}i;[y
, , rame - quantization axis in the
published (+ SDME'S)  — Ay (=T + §;Pcos2¢) direction opposite the recoiling
in progress — Az(—0;Gsin2¢ + 6 E)} proton in the w rest frame.

The w is a vector meson (A. I. Titov and B. Kampfer, Phys. Rev. C 78, 038201 (2008))
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Pol. SDMEs: B. Vernarsky (CMU), PhD dissertation
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Helicity Asymmetry iny p — p @
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Z. Akbar et al. [CLAS Collaboration], PR C 96, 065209 (2017)

BnGa (coupled-channels) PWA

@ Dominant P exchange
@ Complex 3/2" wave

@ N(1720)

Q@ W=19GeV
@ N(1895)1/2~ (new state)
@ N(1680),N(2000)5/2"
@ 7/2 wave > 2.1 GeV
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Cross Sectionsforyp - p w
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Cross Sectionsforyp - pn
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Search for Hybrid Mesons yp — n Tt 11"
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Two Pion production and the f (980)

Extract moments of spherical harmonics Fit moments with mass dependent
From 21 decay angular distributions partial wave amplitudes
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Two Pion production and the f (980)

Extract moments of spherical harmonics
From 21t decay angular distributions
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:%, -I-— -+ \/ 9( D:]DZ_"'D,D;—DUD - D Dll -+ / n;Fi+F| ﬁ]‘—ﬂlrf—F )I“S‘J
% :
pit | "
T af ‘#EJ’ 2 1
i | ! 1 | §
0.4 0.6 0.8 1 1.2 1.4 _g 0.5
M_m (GeYV)
’ 0.4

Fit moments with mass dependent
partial wave amplitudes

1.2 1.4
M,__(GeV)

1.2 14
M_ (GeV)

112 1.4
M_ (GeV)
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Two Kaon production and the f (980)

Fo il v £ ar = 5:
5 14f 5 8 3f
= 2 =2
12 B
:_8 ! :_22.- :_=2§ Extract moments
v 10F v [ v it
i of i}
k: Fit for PWAs
2
o £
2F A
B VLB ¥/ B o B V- e R R T B Y o T v R B B R
Mass(K'K') (GeV/c?) Mass(K'K) (GeV/c?) Mass(K'K') (GeV/c?)
S-wave
<YLﬂI> . leﬂ/fl * fLQ ﬂ'fg 1'4;__
(I) - E CL1,I&{1,LQ,I\J‘2;L4"J & {)\} » {)\} 12;
1-.
Llaﬂ'f11L2aﬂ’4'2;{A} 0_3;
o.sf—
0.42—
f ( t. M Q)_ fLﬂ-f( t. M )Y (Q) “E. R ) L L i1 i G i Nl
{/\} S’ . K+K-— = {)\} S: s K+K-— LM . 099 1 101 102 Mass:I.(o'aKHGeV.f;i?“ 105 108 107

LM P-wave

¢

o

ub / GeV?
a %]

=]
=]

Photoproduction of K™K~ meson pairs on the proton

S. Lombardo ef al. (The CLAS Collaboration)
Phys. Rev. D 98, 052009 — Published 27 September 2018

o

% IIIIIIiIIlIIII|II1l]IIIIIIIIIIH

m

] e T
1 1.01 1.02 1.03 1.04 1.05 1.06 1.07
Mass(K'K') (GeV / %)
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CLAS g12 : Dalitz Plot Analysis for Light Mesons

example:  » ¥~ n? Dimensionless Dalitz Plot Variables:
X = \/_ T'Jr"'_T:lr—

decay width gives access to quark mass ratio; =V3 T tT —+T,0

study via BR or Dalitz plot analysis oo
Y - 3T1r++T1r—+T1r° - 1

parametrization of decay width:

(a) KLOE coll., JHEP, 05, (2008)

LT o (L5 DY + @040 + Y+ 4 Y 2.

Parameter: —a b d f
g | KLOE (08)® | 1.000(5)(78,) | 0.124(6)(10) |0.057(6)(*7¢)| 0.14(1)(2) ¢ #0ande #0:
b yasa® 1.144(18) |0.219(10)(47) |0.086(18)(15) | 0.115(37) /) imply C-violation
il) cause asymmetries within
KLOE (16)") | 1.104(3)(2) |0.142(3)(,) | 0.073(3)(*4) | 0.154(6)(*%) the Dalitz Plot
§ ChPT (NNLO)® | 1.271(75) | 0.394(102) | 0.055(57) | 0.025(160)
F || NREFT® 1213(14) | 0308(23) | 0.050(3) | 0.083(19) WASA-at-COSY:Q=21.4 £ 1.1(e)
PWA® 1116(32) | 0188(12) | 0063(4) | 0.091(3) KLOE:Q=21.7£1.1(g)
PWA(e) 1077(29) | 0.170(8) | 0.060(2) | 0.091(3)

Dalitz Plot Analysis for § - n* ™"
with the CLAS G12 data set

(a) KLOE coll., JHEP, 05, (2008)
(c) 8- P. Schneider et al., JHEP, 028, (2011)
(e) Peng Guo et al,, Phys. Rev., D92(05016), (2015)

b) J. Bijnens and K. Ghorbani., JHEP, 11, (2007)
d) WASA-at-COSY coll., Phys. Rev., C00(045207), 2014
(f) KLOE coll., JHEP, 010, (2016)

(
(
(g) Peng Guo et al., arXiv: 1608.01447v3, (2017)
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CLAS g12

. Preliminary Analysis of n— mt*m®

— x10° = 20000
= C 2/NDF =1.11
:% 2su:—ﬂ .515000:_ X
= C [
@ 200—
5 I ™
2 It
% 150
£ d
L 100l M
z
50—
. ~15000
i T T 2000 s
Global Bin i Global Bin i
| Parameter || -a | b | c d | f
KLOE(08) 1.090(5](1%) 0.124(6)(10) 0.0 0.057(6)(*74) 0.14(1)(2)
WASA 1.144(18) 0.219(19)(47) 0.0 0.086(18)(15) 0.115(37)
KLOE(16) 1.104(5)(2) 0.142(3)(*5,) 0.0 0.073(3)(15) 0.154(6)( %)
G12 1.102(20)(13) 0.127(18)(5) 0.011(7)(7) 0.106(19)(5) 0.248(45)(10)

@ Parameter

@ Dalitz Plot Asymmetry A —

eis 0

Nt _—N—
N++N—

— (0.9+2.9)-10°3

@ Systematic uncertainties determined via random walk analysis
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Reactions of Hadrons with Virtual Photons

di'(A = BHITT7) [(IF} ‘F(qzﬂﬂ
P dg’T(A — By)  |dqg? :
+ intrinsic structure of hadrons 1 M L9 qen
t it B J= -
» transition form factors 1—q2/A2
 validity of vector meson dominance . 2
4= Mp-=0

- background for physics beyond the standard model R
S
T (k)
* rare decays e @:.,_($._f,,
* ég m—oee | | @
.
N

* g-2 anomalous magnetic moment of the muon ¥
A i s
 light-by-light scattering JQLL ﬁr&b

g-2 measurements: Fermilab and J-PARC T [T /1
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CLAS g12 : Preliminary w-1t°transition form factor

smooth background subtracted
" — all 2 ee'candidates | e
—— signal region
—— scaled background o eomee
background subtracted U -, B
""" =T
""" e
i =3 BE
5 ¥
. : Vo oy
48 a5 o7 a7 ap m?;i?“qm'::fzmﬂ.;]ilﬁzvl %] az az dia.:w“ m.-.‘:fwan'..' a as az a.z di:;un -n.s:ﬂfw‘sc]-&i'.'
S g ) S ETSRD simulations for in-peak background
E C [PRECMINARY JF[PRELMNARY | T reveal:
) @ gl2data - ® ql12data i .
—— signal simulation || |- L ik
_gg"n sf;”;fa?;?‘” e e i Ak * external conversion at small masses
* .04 . *e il WD DTZE ] * combinatorics at large masses
oy 13 * influence of rho/omega dilepton
I $44 decay
- : 2,' ”.I..a..-n.ai't- =
di':mﬂ.nj. L = s di:::m m:a:SMqu-a‘G-I:'.'

preliminary analysis: consistent with A2 result (and 'extended' VMD)?
C. Terschliisen and S. Leupold, Phys. Lett. B 691, 191 (2010) VMD+contact term

CLAS12 will extend to n' transistion form factors

clq% 25




N* Spectroscopy with CLAS12
Hybrid Baryons
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CLAS12 N* program — Meson Electroproduction

The N* program is one of the key physics foundations of Hall B

*CLAS12 was designed to measure cross sections and spin
~_observables over a broad kinematic range for exclusive reaction
channels:

7N, oN, ON, N, N, N, KY, K*Y, KY*

- N* parameters do not depend on how they decay

’ - Different final states have different hadronic decay parameters
and different backgrounds

- Agreement offers model-independent support for findings

* The program goal is to probe the spectrum of N* states N* degrees of freedom??

and their structure _ _ p
- Probe the underlying degrees of freedom of the |
nucleon through studies of the Q? evolution of the

production amplitudes
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CLAS N* - Structure Studies

“t Ay, N(1440)1/2 “r\ Ay N(1520)3/2- A A N(1675)5/2-
*r * _ MB contributions

i of e

B 20 — 10| +

- — o ! T + -------
wol- e Nm wl | A pr'm

i a pr'm i _ irrom . RPP ® CLAS 5

i s RPP ool o IS b A RPF

i "o | Burkert, FBS 57, 873 (2016) = cLaS o ME

Q (GeV?) @ (GeV?) | Q@ (Gevy)

* Electrocouplings reveal different interplay between quark core and meson cloud
-Important to study different N* states vs. distance scale

* Good agreement of the extracted N* electrocouplings from Nn and Nnn
-Compelling evidence for the reliability of the results
-Channels have very different mechanisms for the non-resonant background

Precision studies of N* structure are a key part of the CLAS12 experimental program
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Hybrid Baryons : Baryons with gluonic degrees of freedom

Hybrid hadrons with dominant gluonic contributions are predicted to exist by QCD.
Experimentally:

* Hybrid mesons |qqg> states may have exotic quantum numbers J*“ not available
to pure |qg>states = 0, 1% 1, ....GlueX, MesonEx, COMPASS, PANDA ....

* Hybrid baryons |qqgg> have the same quantum numbers J® as |qqqg>
—3> electroproduction with CLAS12 (Hall B).

Theoretical predictions:
¢ MIT bag model - T. Barnes and F. Close, Phys. Lett. 123B, 89 (1983).
¢ QCD Sum Rule - L. Kisslinger and Z. Li, Phys. Rev. D 51, R5986 (1995).

< Flux Tube model - S. Capstick and P. R. Page, Phys. Rev. C 66, 065204
(2002).

< LQCD - J.J. Dudek and R.G. Edwards, PRD85, 054016 (2012).
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Hybrid Baryons in LQCD

J.J. Dudek and R.G. Edwards, PRD85, 054016 (2012) N* A*
[ + + + + : $ + * 3
i = i [ 1| regular states
3.0 () I &
clustered { ) J i E ]
i 1 —
inmass = - —
s | e = = I = = ,
& | — e | o hybrid states
“‘E“* 20F |
[ LQCD i
: 1.3GeV Q : _ The nucleon
s l i — . mass is shifted
A i | ~300 MeV to
o N : & higher masses

Hybrid states have same JP values as qqq baryons. How to identify them?
*Overpopulation of N 1/2* and N 3/2* states compared to QM projections.
‘A, (A;,) and S, ,, show different Q? evolution. Can we do it?
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Separating g3 from g3 States?

Precise CLAS results on electrocouplings clarified nature of the Roper

80 N(1440)1/2* A, w N(1440)172" 5,
i /f' ; _- LF ROM ® Nn
I i DSE A i’;;‘
’ f -------- e = CLAS =0 s 4G
-B0 o Qz (,r.GB VZ} ] 1 2 3 4 Qz (EGeVZ}
*A,,and S, ,amplitudes at high Q? >2 GeV? indicate 1* radial g°
excitation

* Significant meson-baryon coupling at small Q?

For hybrid “Roper”, A,,(Q?) drops off faster with Q?and S, ,(Q?) ~ 0.
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Hybrid Baryon Signatures

Based on available knowledge, the signatures for hybrid baryons consist of:

e Extra resonances with J’=1/2* and JP=3/2*, with masses > 1.8 GeV and decays into
N7t or KY final states.
A drop of the transverse helicity amplitudes A, ,(Q?) and A, ,(Q?) faster than for

ordinary three quark states, because of extra glue-component in valence structure.
oA suppressed longitudinal amplitude S, ,(Q?) in comparison with transverse electro-

excitation amplitude (JP=1/2%).

Focusing on:

ep — epmw
ep —, eK'A, eKX0?

The study will include other single meson channels.

Map out large range of W (up to 4 GeV) and Q?
Dedicated beam times with E_ = 6.6, 8.8 GeV

Low Q2 quasi-real photoproduction with Forward Tagger
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N* Contributions to electron scattering with CLAS12

Nucleon resonance contributions to unpolarized inclusive electron
scattering

A. N. Hiller Blin, V. Mokeev, M. Albaladejo, C. Fernandez-Ramirez, V. Mathieu, A. Pilloni, A. Szczepaniak, V. D.
Burkert, V. V. Chesnokav, A. A, Golubenko, and M. Vanderhaeghen

Phys. Rev. C 100, 035201 — Published 3 September 2019

0% = 1 GeV? Q%= 4 GeV2
N o [ Start from CLAS
ol N g .
ol B | M T electrocouplings
iz o8 S| NS -
* e J s = Contributions of N* to
al inclusive e- scattering
di Different behaviours as
i 1 function of Q? in the
y et resonance regions
150 ' ' ; g " 1cband I " 1cband ' '
140 | ' ; Data int:rgfﬂof?tﬁ?r: ] 12 ¢ Data int(?rgf){l}e:;?onr: —_—— .
120 o Sensitive to structure and
100 | .| nature of N*s
80 | l/'|| . - 4 al
S \/\/\ o Blue = projected CLAS12
20 | // \ 2 data
ol o . . . - 0
1 11 12 13 14 15 16 17 18 1 1.8

W [GeV]
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Meson Spectroscopy with CLAS12
MesonEXx
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Quasi-real photoproduction with CLAS12

Quasi-real photoproduction:

Forward . . . .
§A512 * Detection of multiparticle final state from meson

Tagger

decay in the large acceptance spectrometer CLAS

* Detection of the scattered electron for the tagging
of the quasi-real photon in the CLAS12 FT

* High-intensity and high-polarization tagged
“photon” beam; degree of polarization determined

P event-by-event from the electron kinematics
Trigger - FT e- + 2 charged CLAS12 Y

implementation )
Calorimeter__

Forward Tagger

E’ 0.5-4.5 GeV

v 0-10 GeV Tracker

0 2.5-4.5 deg

Q’ 0.007 - 0.3 GeV?

W 3.6-4.5 GeV

Photon 5x107y/s @ Scintillation
Flux L =105 e
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MesonEXx program

Meson spectroscopy in the
light-quark sector:

" Detailed mapping of the
meson spectrum up to
masses of 2.5 GeV

" Search for rare or poorly
known states
(strangeness-rich,
scalars, ...)

" Search states with

unconventional quark-
gluon configurations

clo3¥

Benchmark 31t Simulations

a,—»pmn D-wave a,~pm S-wave a,—»pmn D-wave

35000 BODM-E— 1800

F 1600
bt mi‘ 1800f
25000/ mh 1200F
20000} E 1000
15000| mE— foop
10000 mum;— WUE—

E 400
so00f il o 200

o ﬂ:

T,—pmn P-wave

1.4 16 1.8 %
3x Invariant Mass [GeV/ic*]

n,—pmn F-wave

14 16 13 2.2
3 Imrvariam Mass [GeVic’]

1 1
B 1 .2 1.4 15 18 2 232
3 Invariant Mass [GaVic’]

n,—f, 1t S-wave

__m,»f, mt D-wave

1 x 14 16 1A 2 2.2
In Invariant Mass [GeVieT]

m,—pn P-wave

EREE 2 2
3n Invariant Mass [GeVie?)

~3m all wave

200

100

16 18 2 22 1.4 16 18 2 22
30 Invariant Mass [GeVic’] 32 Invariant Mass [GeVic’]

i4 18 18 2 22
3n Invariant Mass [GaVie®)

Note poor acceptance below 1.2GeV (half field)
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MesonEXx : Polarised Two meson production

arXiv.org > hep-ph > arXiv:1906.04841 AT Decay 0V ¢

Help | Advand

High Energy Physics - Phenomenology

Moments of angular distribution and beam asymmetries
in mto photoproduction at GlueX

V. Mathieu, M. Albaladejo, C. Fernandez-Ramirez, A. W. Jackura, M. Mikhasenko, A.
Pilloni, A. P. Szczepaniak (JPAC collaboration)

(Submitted on 11 Jun 2019)

Intensity based on Real Photon Density matrix

IO(Q):ZL:z:\/ 25;1)(2—51% oJHO(L,M|R[YY(Q)]
Il(g)z—ZL‘,:Zj)\/ 25;1)(2 Su o H'IL, MIR[YY(Q]

Do we need anything different for quasi real ? Optimised Moments
i.e. intensity with virtual photon density matrix fitter ready for datal
Should also have good data for high Q? 21T *Watch out for V(2L+1 ) factors
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MesonEx : Helicity Polarised Two Meson Production

[(Q,®) =1°(Q) + I(Q) - Py(P), Measure Iis via moments
of spherical harmonics
19N Q) =+ Z (21’4: 1) (M)H" (LM)d%;,(0) cos M ¢, P
L,M=0
IS (2L - 1) 7(M)Im H**(LM)d};,(0)sin M¢, We can also measure I°
L,M>0 T Is it useful?

UL (Q) = Z[f]iz);kyfm(ﬂ) :

{,m

U (Q) =105, [y @)

e,k
’ ‘m
Il(Q) = —kK Z 2¢Re (U;E;E)(Q) U;E;E)(Q) ) » Linear polarisation allows to
e,k ) ) disentangle reflectivity e=x1

- - *) amplitudes
?

I3(O) = &k U2 — 179 )2 . Additional constraint ?
() Z' g ) | 5 () Can it help with phases , ambiguities?




MesonEx : Fit amplitudes with moments

cos6

Analytical Moments
from Amplitudes

(L,M) = (1,0):
(1,1):
(2,0):
(2,1):
(2,2):
(3,0):
(3,1):
(3,2):
(3,3):
(4,0):
(4,1):
(4,2):
(4,3):

(L,M) =
(L,M)
(L,M)
(L,M)
(L,M)
(L,M)
(L,M)
(L,M)
(L,M)
(L,M)
(L,M)
(L,M)

HO = 0.3578;
HO = 0.0000 ;
HO = -0.0629 ;
HO = 0.0000;
HO = -0.1680 ;
HO = -0.1533 ;
HO = 0.0000

HO = -0.1400 ;
HO = 0.0000;
HO = -0.0762 ;
HO = 0.0000;
HO = -0.0602 ;

HO = 0.0000;

H_
H_
H_
H_
H_
H_
H_
H_
H_
H_
H_
H_
H_

OOOOOOOOOOOOO
-h-h-h-hwwwwNNN—\—\
wN—\OwN—\ON—\O—\O

Fit Results

Pseudo Data from Amphtudes

8 060402 0 0204 0608 1

0.358112

-0.000740184
-0.0623866
-0.000551358
-0.169541
-0.153232
-0.000258408
-0.140019
0.000338522
-0.0765479
0.00024877
-0.0605708
-0.000109336

=+ )%
"Dy

H°(11) = HY(11) + 2\/gRe(P1(+
3]
H'(11) = 13 [3\/5RC(P(§ DY) — VIERe(PIY D) + 5v3Re(SSH P )] :
3]

H(20) = H'(20) — E [7|P(+)|2 _ 5|D(+)|2 + 10|D(+)|2] ,

1 20) = o [71P(" |2 +5ID§7P + 7V Re(S§7 DS
HO(21) = H'(21) + —\/élie(u”)pg“*) ,
H(21) = - [7\/311 (557D + TVBRe(P P 5Re(Dg+)D§+’*)] :

Fit components for CosTh Fit components for Phi

o 2500[ F
18001

N
o
o
o

Events / (0.02)

16001

Events / ( 0.0628318 )

N
o
o

+/- 0.00797507
+/- 0.000722244
+/- 0.000474004 [
+/- 0.000478794 5|
+/- 0.000885905 i
+/- 0.00448687
+/- 0.000334288
+/- 0.00137683
+/- 0.000556094
+/- 0.000712912
+/- 0.00030687
+/- 0.000410417
+/- 0.000434857

15001 1200?
I 1ooof
soof
eoof

500 400"

200

071\\‘\H‘\\W‘H\‘\H‘H\‘\H‘H\‘H\‘H\ :JH|\[HH\HH\HH\HH\HH}
1 08 -06-04-02 0 02 04 06 08 1 3 -2 - 0 1 2 3
CosTh Phi




MesonEXx : t*1t p Preliminary Data

Exclusive final state

SR I
For ~10% (5%) of collected(expected) data ™" I~ /.
3000
= (L7
All t and 6<Eg<10 Gev RN |
20()0E L'--Llr 1'1.
Trigger/Torus Field /Detector :Zzz [ b
=> Low acceptance below 1.1 GeV N | Y
- A s
4 : =
3.5;':-_-::’ i
3_ .. = L = -:-
M(TrpF-a ek :
1.5p - _ o i
. ity - :f-'.'Jr
T B B S+ S
M(TT*1T)

Need to account for N*/A in Moments Fits, but contributions do not look too strong
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MesonEx : K*K- p Preliminary Data

Exclusive final state =
300

For ~10% (5%) of collected(expected) data ss0f

200F

All t and 6<Eg<10 Gev

150

100}

Trigger/Torus Field /Detector

=> Low acceptance below 1.1 GeV s0:

M(K*K)

180
1601
140
120
100
80
60
40
201

M(KK-)

Lo b e b v e e b b 1 T
9.4 1.6 1.8 2 22 24 2.6 2.8 3 14 16 18 22 24 28 28

M(pK") M(pK")

Need to account for hyperons in Moments Fits
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MesonEXx : "ttt n Preliminary Data

Missing neutron final state -
1400[

For ~10% (5%) of collected(expected) data 1000

1000}

lt|>2 and 6<Eg<10 Gev 800f
600—

Trigger/Torus Field /Detector 400
=> Low acceptance below 1.3 GeV 2001

T

M(TT*T1T) .

Need parameterisation of polarised photon production amplitudes
Need to include 21 + N* contributions (not shown)
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Longitudinal plot from CLAS photoproduction @3.5GeV

My.k. for forward K+K-

60000 =
50000 f—
40000 f—
30000 —
20000 ;

10000 —

el
ean
K-!..RMS

K -

Longitudinal Plot

[y

PX*sqrt(1.5)

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

MK-p for forward K+

A (1520)

I
1 5

1.
PY*sqrt(1.5)

T

24

= ALl Events

Cut on
Longitudinal
Plot sector




Longitudinal plot from CLAS photoproduction @3.5GeV

My V My, GUt1 LPS0.50_

24—

22—

18—

16—

K+K-

12 1.4 16 18

My V My Cut1 LPS3.50_

My V My, CUtiLPS1.50_

| Kep

My V M, CUtiLPS2.50_

el

1.2 14 16 1.8

My V My, CutiLPS5.50_

As resonance masses increase they leak into the wrong sector
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Define Mass dependent cuts based on Meson or Baryon

Mass-dependent cuts in longitudinal phase space Cut |S BARYON Cut |S BARYON

P. Pauli, D. |. Glazier, M. Battaglieri, A, Celentano, R. De Vita, 5. Diehl, A, Filippi, J. T. Londergan, V. Mathieu, and
NOT MESON
Phys. Rev. C 98, 065201 - Published 26 December 2018

t=1.5 GeV* t=1.5GeV’ 91.44% survived t,=1.5 GeV® 74.03% survived

Ey=9 GeV

Hyperon ;
M=2.2Gev
Cut [M(Y)|<0.20f

Mesons i
M=1-1.8 GeV %
Cut [M(Y)|<0.2-1




* CLAS provides data on many different channels with both
electron and photon beams

* Benefit from greater understanding of electron scattering as a
tool for hadron spectroscopy and structure studies

* Seperation of t -channel meson and baryon resonance
production

— Through cuts or through amplitudes

* Can we perform spectroscopy on the baryons?

* General parameterisations of 3-body final states
- Freed isobars?...
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Backups
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