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Hadron spectroscopy at CLAS: The Big Picture

Study of hadrons by measuring their mass, widths, quantum
numbers, and decay properties.

A To understand how the strong force, described by QCD
gives rise to the spectrum and internal structure of
hadrons. A key focus is the discovery and characterization
of excited baryonic state@dN*, D*, X*) and the search _ i :
for exotic hadronge.g., hybrid mesons, glueballs). il g et

A Main Components at CLAS
Alectron Beam (CEBAProvides highintensity,
polarized beams for precise interactions.
Arargets Typically liquid hydrogen or deuterium,
allowing for clean nucleon interactions.
ACLAS12 Detectotargeacceptance spectrometer used
to detect and reconstruct muHparticle final states.
Ahotoproduction & Electroproduction ReactionJools
to probe hadron resonances and internal structure.
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Exotic hadron searches

A Hybrids
A Contain excited gluonic degree of freedom \AJ

A Exotic quantum numbers (i.e+(*,2" not
possible for conventional states) ‘l. l

A Molecules u Lattice QCD Evidence that '
] ) . the 2 Resonance is an Antikaon

A Narrow widths above threshold 0 - Nucleon Molecule
Jonat han\N MVatdedm KarhleH , Derek

B. Leinweber , Benjamin J. Menadue , Benjamin
J. Owen', Anthony W. Thomas , and Ross D.

A Tetraquark, Pentaquark states “ o oung
A Narrow widths above threshold
A Expected to have charged partners

Strange pentaquark Molecular (top) and .
compact (bottom) interpretations of the A B aryOn Ium States
Pczs(4338) pentaquark discovered by the LHCh A Eg ] Nuc|eo.m”ti_nuc|eon bound states BESI: a)U f]_l:]_ Cd

collaboration in 2022. Credit: D Dominguez

[1] Bai, J. zZ., et- al . f
Threshold Enhancementin Th P

Evts/0.005 GeV/c®

Pbar Mass Spectrum from Radiative
JIPst->gamma® Pbar Decay
arXiv.Org, 7 Mar. 2003,
arxiv.orgabs/hepex/0303006v 1.

A Nonresonant production
A Threshold enhancement or cusp effect

A Crosschannel rescattering, intermediate
mesons

[2] Ablikim, M, e t-ParaylAnalysis®p i n
PpbarMass Threshold Structure in

Weighted Evts/bin

J/ PSI and Psi 6 Rad
arXiv.Org, 5 Dec. 2011,

‘ SATEa arxiv.orgabs/1112.0942.
0.10 0.20 0.30 3
M(p p) - 2m, (GeV/c?)

Brand new LHCb's latest tetraquarks, illustrated here as single units of tightly bound quarks, go 0.00

by the names T*,(2900)° and T%:3,(2900)** in the new naming scheme. Credit: CERN
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Searches for missing (excited) hyperon states

nd p A A° A At
A ExcitedXQ & d—\d R O—O0—
A Improve knowledge of excited baryons / \ \dd o
with strangeness @ 9. ©. = \ e / ot
A Parity and polarization measurements \ ’ / sd su
A Searches for missing excited hyperon sd su = \ / =
states == Zo g8y
: X lassification of Baryon
A Nucleon resonance studies SUOXO() Classitication of Baryons
A Study the baryon spectrum to map the W v o |
Q? evolution of excited states e ong | “Missing” _ ,
.| Capstick and Ro;berts HH l
) . | D5(1520) A 702+ 02y
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A First cross section measurement e eeonn
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Motivation for the analysis of thel ( ) with CLAS12

Pole 1: KN
1430 - 15i MeV*

A 1 6 mnlaQy &r1/2, S=1] located slightly below th6 KN threshold
decays into the \1channel through the strong interaction. Tl
A Existence theoretically predicted in 1959 Balitzand Tuan, based Pole 2: 7

1 *
on the analysis of the experimental data®iNscattering. 1SBRlmal
R.H.Dalitzand S.F. Tugn
G¢KS LIKSy2YSy2f 2-Rh@Of SRFADBRDIA2Y RRR OSaasSas:é
Annals of Physics 8 (1959) 14101 8.

A Description of they 6 m nas fpadron molecular state
| A(1405)) = |meson) @ |baryon) @ |s wave)

4 S
@ w B / /v
M. Mai, Eur. Phys. J. Spec. Top. (2021) 230:15¢ 507
1+
100 v-1( = * 5. Nav sle Structure of the A(1405)
z (O ) 2 Region”, Phys. Rev. D 110, 030001 (2024)

1 117 .
0(1—) — Kz N—g(a ) Expect two states in one resonance!
2
+ '+ ’ + -
couples to\ 1100 A:O(% ) MMs(ep — ¢/’K*X) under {¢/, K", p, 77} event
\ x10
. [ = . l l+ F |Pole?2 =20 | eea-a BG simulation
o E(O ) T2 (2 ) L1 i I Simulation of
| A(1520)
e R e A AT ey Ll Relativistic Breit-
Previous CLAS results Wigner func.

A Position of pads measurement
A Study of @dependence not possibléue to limited
statistic

A Possible with high statistiabtained with CLAS12 MEE 1-;M(e_K+)1igseow2) 15155

*H. Lu et al., Phys. Rev. C 88, 045202 (2013)

Courtesy offatsuhirolshigec Tohoku U.

Corrected Yield (per 5 MeV/c?)



Al HT ol THIICKE ) with CLAS12
Search for thé. (1405) in the reactiorid) My *(X) by missing mass technique

A RGK data (heam= 7.5 Qi 6.5 (ML)

Q) MM * (L (1405)) A By missing mass technique Prel iminary A By invariant mass reconstructior
+ + 0 3 ME r - (ztn)n)
AL (140'5)"61 S‘ (A p n,p p) P n selection S* selection Missing mass of A(1405)  |imeys rzse- g [
m rbfm + p+ p' (n) , . Missing mass of n e , Moaing mass of £* R I G300 -
'Q] rb'gm + p p- (pO) Chan nels § 7 —h 3o cut gﬂw:ga c;ut / " A - A(1520) A(1520)
L(1409A S (A p ) p* I i of
A '\ TH@*p p*(n) channel ot T S| o [ A1405)
A Reconstructing final state hadrons in FP [ , 3
oe o m‘a:‘;'x'—.'.-u‘s:vtc’) T s Y MM(B-}‘(*,., «-,,W;J,E' - -
A Accidental background estimate i . % of 20
Mass (GeVic*2) Mass (GeV/c™)
Preliminary ..
M(Era = (xtma”) . e | Preliminary . .
%m . ME'z” - (z"n)n”) [ 22 ME*tn - (#°%p)n) L ME 7" - (z7n)n™)
g | T i il A(1520)
Fit : #h{ A(1520) ¢l {'{ A(1520) ol ‘I'l :
- — ol N\ wf A405) || : f A Analysis of poles
Background L | ool 1 li A(1670)/ li
estimate r ‘ﬂ \;‘ C ﬁn'%‘, ! ACETO) " | :“' A(1690) COUp |ng to
;r\?emntr;wixed 100 MMOS@,!*; .i‘i m:_ W‘ ﬂ‘l g A(1650) : A(14Oz) J / :alif‘rﬁ L (1405) a function
L4 W3 r Al i 1 L W 4 i § oo § u Ty
method . ~ %“ L ;ff '\\ d ﬁ"d\ﬁﬁﬁbﬁwﬂ e L j N lm‘f “.« d“'\«ﬁwm’f 4 '““i” '1 : o * * “ s of Q2
12 14 16 1.8 20 or A S e e A R | 0_ """"‘"'—"""""'j"" 1 0 el L ...“'.“-'.‘,:_"._ . L
et S N Y e Ly A High statistics
) Missing mass of A(1405) i s (G using Sp ring 24
g ool ) Background- Fitting results RG-K statistics ~
i \ subtracted A(1405) yield A(1405) sigma « Consistent with the rough estimation at the 5x statistics shown
r i [Counts] [MeV] -of- i . . ..
) ;_ * n ” order-of-magnitude level in this preliminary
r 43 M@ = () 4+ Result: ~6000, Rough estimation: ~2800 study.
. 4;“ w{ ME 7™ — (%)) 3300 30 0
/’"{' Mt . | . Two-pole structure in M(Ztz~ — (z'p)n™)
WSS M S 2 :’;‘-':L'f.-'—.‘-»‘ﬁ.';-'c,-,.‘ M(E 7+ — (rm)a™) 1500 27

I R Courtesy offatsuhirolshigec Tohoku Us



Al HT ol "' "I ) with CLAS6

Analysis of thé (1405) Cross Secti@s a function oft

A g-12 data Qream= 5.7"C)

Preliminary T under analysis review

—_ + -+ H do -+ —_— + - i da
1 Decay A(1405) -z~ n* Photoproduction 57 ¥ T Decay A1405)»x*n~ Photoproduction &2
E,: 1.842 GeV E,: 1.993 GeV E,: 2.146 GeV E,: 2296 GeV E,: 1.847 GeV E,: 1.993 GeV E,: 2.144 GeV E,: 2295 GeV
04 0.4
MOde | i ool2 ¢oa12 o ogl2 {12 MOde 04 | tool2 | + g1z tog12 0.4
~ 034 ‘ gll, Ey: 1.88 . gll, Ey: 188 ‘ g1l Ey: 2.11 ‘ gl Ey: 235 t03 ~— — 4 gll, E,: 1.88 + gll, Ey: 2.11 ‘ gll, Ey: 2.35 —
2> t i glLE:211 2B o303 i gllEp2.11 | 03 g3
2|8 021 ’ 0z 218 i) { s 2|5
— —_ — 0.2 0.2 —
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....... i\ gll,E: 188 ' DS TR L Ul L
I S B e ST .. R UUTTE] PN . ‘. | - oo
0.25 050 075 1.00 1.25 0.5 1.0 15 0.5 10 15 0.5 1.0 15 20 0.25 050 075 1.00 1.25 0.5 1.0 1.5 0.5 1.0 15 0.5 1.0 15 2.0
—t [GeV?] —t[GeV?] ~t[GeV?] ~t[GeV?) —t [GeV?) —t [GeV?] —t[GeV?] ~t[GeV?]
E,: 2.453 GeV E,: 2.605 GeV E,: 2761 GeV E,: 2.904 GeV E,: 3.320 GeV E,: 2.451 GeV E,: 2.603 GeV E,: 2.761 GeV E,: 2.904 GeV E,: 3.318 GeV
¥ ¥ ¥ v v
CLAS Results: Black e | foo2 fooz bz bz 5 ¢ oen ioo2 o2 ! ¢ Poan2
A — 91514 i 9lLEs235 ] i gl Ey:2.60 i Q1L 2.60 i g1l E: 286 i olLE:342 [O13 — o10] L gllE:2.35 i gll Eyp:2.60 |l Ep:2.60 | L g1l E: 2386 boolLEs3a2 oo
Published Results from g@ 010 \ g1l E.:260 | H i gl E.:286 u.m%@ gE i Q1L E: 260 L A i} 0lL 286 | gE
- s ' ol o 00s{ t i Wy {1y * i 005 ..
Another (CLAS) 8k oo b - aos Bls sy M N i e sy
Experiment: 0.00 et espiaties it T 0001 Sl Tt Miree exsmnsos s Lg00
G Red. Bl 1 2 1 2 1 2 3 1 2 3 1 2 3 4 1 2 1 2 1 2 3 1 2 3 1 2 3 4
reen, hed, blue —t [GeV?] —t [GeV?] —t [GeV?] —t[GeV?] —t [GeV?] —t [GeV?] —t [GeV?) —t[GeV?) —t [GeV?] —t [GeV?]
Ey: 3.725 GeV Ey: 4.075 GeV Ey: 4.465 GeV Ey: 4.847 GeV Ey: 5.227 GeV E,: 3.726 GeV E,: 4.074 GeV E,: 4.470 GeV E,: 4.847 GeV E,: 5.229 GeV
0081, {12 1 + a2 t oel2 togl2 t g2 (008 0.06 { ioa12 t a2 t g1z i 12 t g1z [0.06
— 006 ¢glLE:371 [ 0.06 = — t L gl E: 371 —_
23 g‘g ofs 004 | It 0.04 5>
2|3 0.04 0.04 TlO iy EX ]
— — 0.02 002 -
Blg 0.02 0.02 38 8l Bk
0.00 0.00 0.00 «r0.00
1 2 3 4 2 , 4 2 4 2 4 2 4 1 2 3 4 1 2 3 4 5 2 a4 2 a 2 4
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[ 1

A Trevor Reed thesis (2024) i differential crosssection measurements fqr 6 m nphopoproduction

A Results in good agreement with prior photoproduction measurements (CLAS g11) with extended enet
range over gLl data.

Plots courtesy of Trevor Reeé U
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= analyses with CLAS12

* BES-II:
* J/Y - vypp
* Near mass threshold enhancement
* Peak Mass: M = 1859%3 MeV /c?
* Width:T' = 0+ 21 MeV/c?

* CLE

0
J/Y - ypp

* Corroborated near mass threshold

enhancement

* Looked into extended mass range
* Peak Mass: M = 1861%1°MeV /c?
« Width: T = 0132MeV /c?

Evts/0.005 GeV/c?

s0l-

Weighted Evts/bin

ol 1 o v o T

0.00 0.10
M(pp) - 2mp (Ge\//cz)

J Z Bai et al. 2003 Phys. Rev. Lett. 91 022001

L L
0.20

=4
P P
S

Events / 20 MeV/c?

Events / 20 MeV/c?

Threshold enhancement observations

CLEO

3850610-021

@
=

Jhy — ypp

P 2]
o o
T

n

o

o~
——

A4 ST .

_'"":'1“';:;"3"‘::\ A
3 = A

T i

(@)

Liity aocak.
300 500 700
AM = M(pp) - 2m_ (MeV/c?)

0 Ereect
0 100

900

Jhy — ypp

(b)

AM = M(pp) - 2m_ (MeV/c?)

J. P. Alexander et al. Phys. Rev. D 82, 092002

No evidence of narrow resonance

Photoproduction of pp

+ CLAS [a]

* Measured differential cross sections
* Angular distribution
* Invariant Mass
* Combinatorial background from two
final state protons

* GlueX [b]

* Measured differential cross sections
* Invariant Mass
* Mandelstam-t

* Broader threshold enhancement

observed
* Phenomenological model for
enhancement
da [ m1z*mchreshotd]
— = exp | —————
dm P tm

Ell Phel ps,
[b] Li,

Wil | .
HaidntfiBar yom

+ do/dM(pP) = 5.400 Gev
- do/dM(pp)

Py

L 1
8 2 22 2

E,=5.425 GeV +

*+
_¢+$*¢'++

L !
1 0.5 0 0.5 1
Cos(B;’“J

Figure 3: Differential cross sections of pp and  Figure 4: Differential cross sections for yp — ppp

pp showing the mass distributions.

showing the angular distribution of the

Phelps W. “Antibaryon Photoproduction using antiproton in the CM frame.
Phelps W, “Antibaryon Photoproduction using

CLAS at Jefferson Lab”

CLAS at Jefferson Lab”

=}~ GlueX Data

< 300f
g GLW —— Clustering Model
€ 200} R s
=
=
5 100F
(=}
h-]

ald . LTI A

T2 2.5 3 3.5

IM,, (GeV)

Figure 5: Differential cross sections of pp invariant mass

measurements.

Li, Hao. “Baryon Anti-Baryon Photoproduction off the Proton”

AANnti baryon

PhotFtUp20b/ducti on
Phot opr oCawmegte MellonJ,Q023.t he P

A Search for BaryeAntibaryon structures in electroproduction off proton target with AS12 RGA data
A High statistics (significantly higher statistics than CLAS photoproduction sample)

A Results shown based on CLAS12 RGA Si8idata (~ 15% of R&018/19 datase®y > factor 10
increase In signal yields obtained in electroproduction compared to CLAS6 photoproduction data sa
A Investigate multiple channels with Barydmtibaryon particles in the final state
A High statistics allow for amplitude analysis

mp




| £ »« = == <« 4 5 edactroproduction off the proton at CLAS12
A Reactions A Beam energy = 10.2 GeV Q2 Bins L -
A QP Qnm A Missing mass technique used _

A O P QA“NE A Electron in EC or Forward Detector * Binning Missing Mass distribution by Q

A 'Q [“P 'Q ﬁ“ é e Q2 € [0.6,6] with 9 equally spaced bins

recoil electron detected in thé=D recoil electron detected in theFT

e Can extract yield by subtracting background and

fitting signal peak Bins[3.00-3.60]
000 40000 | Events: 17088
7000 35000 R 220 \
8 EQ 1 'Q 1 -~ - 6000 . 30000 4000 '“ Lt 1500 L
n r] = 5000 = 25000 - | | ; | —
Zao é 20000 10000 § 1000
= 3000 = 15000 . £
. S0 E
2000 10000 2 ‘ o
o000 -
wwwwww 00 | 500
e T
0 0.8 1.0 1.2 o "
MM (epp)[6eV/C7)
0.0 0 Lo 1 20
5 ; Mass|GeV/
QHGevi/e]
" 30000
Q% € [1,6] |
400 25000
!Q 1 !Q 11 ||* ul | FASEVERE
f 3 20000
A nn e 2| i iy :
2 Fygl 3
z ity . W ) 15000
g . £
2 (LT N . 5 Loooo .
o ' Analysis Goals
| er | 100 ™ ”w'w“l I
Yn ",
Yp 10% 0.52% Wb,
0

0.6 08 10

g o T e T A First time high statistics cross section
extractions of Baryo#\ntibaryon in

4000 1000
e Gcemel | g electroproduction
fit ’ — Fit
3500 —— signal — Ssignal
Background 800 Background .
QP QR ¢ . S e Amplitude analyses
4 u=0.945%
n € - s ;
= eld = 12563 + 403.692 : 600 Yield = 3117 + 180,012
< 2000 )
S 1500 Srrprrehiy, £ 400 I‘
S PRt . g
ep | Yr T M T 1y .
Yy, 1000 D Ty U \1““”![
— e 200 i
Yo 4% 0.52% i
P 500 T,
L YOG
0 o
06 0.8 10 12 14 0.6 0.8 1.0 12 14
Mass [Gev/c?] Mass [GeV/c’]

Courtesy of Leonel MartineZ-1U, with contributions from FIU students Alexandenrand Edward Morell 9
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. . Status as seen in — . 3
M ISS I n g Cascad e States Particle JE g;iﬂ‘:“ Er AK YK E(1530)7 Other channels State PDG ratlng Wldth (Mev) JP
ANumber of exciteck@predicted fom SUB) symmetry B e Decaya wealdy S(1320)]  wexx 1t
H =(1620 E *x

greater than the number of states seen experimentally sﬁmgoi P 2(1530)|  *ex 9.5 o
E(ISQU‘ 3/2— ey *k EETS ok *%

Alncomplete knowledge of quantum numbers (1050 o = o= S(1600) % <30 |L77

. . . =(2120) ® =

AProduction mechanism still unclear = (2250 . Shody docays =(1820))  #ex 24 3~
=(2370) *k 3-body decays = 2
=(2500) * * * 3-body decays
sk Existence is certain, and properties are at least fairly well explored. 5(1950) E 60 ?
Hohok focils/‘tenne rargg% ﬁ'nmbve?ry 111!{9]3(}!0 cn}lftaill], but turther myﬁrnﬁa{tjir{n ?R _descllrabh p
. Eﬂ:ﬁ&u&nﬁﬁﬂﬁﬁs i:tj;d;izi.nng Tactions, etc. are not well determined. 5(2030) s,k 20 % [
* Evidence of existence is poor.

Previous Photoproduction Results

2005: CLAS g6 provided 2007: g11 data, provided cross

the first-ever exclusive section results for 2~ (1320) and of study (W=3.3GeV) as well as increased CIP R ‘ [ otuext phase
measurement of Z~ in =£7(1530) it

vp > KYK+E- statistics GlueX Cascade Studies | : AL }}h‘

it

7}* CLAS Data

2018: g12 expanded the kinematic region

=(1321) .
e

* GlueX has recently presented on ; [
Cascade production (Hao Li, JLUO S © " ElGew
2024)

1.4 1.5 1.57 1.7 1.8

KK (G — , _ * Extending the energy region of
= a8 ‘ photoproduction data for

5210 .
: GL% I b GlueX

o i ! —Fit
~~Background

2 Preliminary

Events / 10 MeV

zos2) C AT S . _+ I £7(1320) as well as first
=(1530) ; il T photoproduction measurement of
g T & = £*(1690) and £*~(1820)

Z(1690) [

T 22 24
MK KX} (Gel)

L.Guo et al. Cascade production in the 1.T. Goetz et al. Z* Photoproduction from chanchs Alond, Volker -
J.W.Price et al. Exclusive photoproduction of the reactionyp = K*K*(X)andyp = Threshold to W=3.3 GeV .
cascade hyperons K*K*n—(X)

ASearch for excited Cascades in the exclusive readipftym 0 -(R) [missing mass technique]
Courtesy of Bianca Gualtietfr|U 10




camnalgses with CLAS12

Jose Carvajal, Ph.D. thesiBirst Time Measurement of Ground StatdHyperon Cross Section in

Electroproductiog (2024
A First cross section measurement for the ground state Cascade in electroproduction

A RGA data (heam=10.2"QY)

~(1320) [ Entries 155904

amp  56B.7456+22 4BES0 [ amp  300.9850+£19.36306

B (1530) 3 ean 1.3132+0.00175 ; mean 1.3246=0.00159
sigma 0.024520.00201

I sigma  0.040920.00187 700
RG-A data _ _
Inbending I C
. [ 1 » 2
E g 5

+ =
+ =

1.8 2.0 22 2.4 2.6
MM{eK K') [GeV]




« ~amalyses with CLAS12

Search for excited Cascades in the reactityTTH'( "0 -(R) by missing mass technique
A RGK data (ream=7.5"Cy, 6.5 ")

MM(e'K+K+)

> =
2 C :1.324 £ 0.002 — o

E 200 - “1 Mixed Evere: s Backgrour :l
4 C  ©,:0.040 £0.002 s Buckg

2 180~ S/B,:5.40 -

C

8 Y‘: 962 + 58 Gaussan 2

e b rder Polynomial

M, 1.541 £ 0.006
c,: 0.060 +0.008 |
S,/B,:1.10 ‘(
Y,: 308 + 27 |

- eFT | |”
—  Epeam = 7.5 GeV H;* i HhH M{ +
== i iy SR | (O
- PO L 4 : ':,Hfj#tf
o P i L A T e e s
0 02 04 06 0.8 1 1.2 14 16 18 2]2
Mass [GeV/c

Counts / 10 MeV

A Clear evidence for rR(1530)

A Lower background than RG-A

A Cross section measurements in
progress

Courtesy of Bianca Gualtiefr|U

MM(e'K+K+)

200

180

160

140

60

|:IIIIIIYI|

|||l‘l II\I

|Ill‘l I|ll

u,: 1.316 +0.001
c,: 0.022 +0.001 “

S/B,:1.90
Y,: 1060 + 68

JRr——
1,: 1.535 £0.011 | 1

G,: 0.060 +0.008 | |

S/B,: 0.32 ‘

Y,:337+48 : ‘

vvvvvvv

(=)

16 18 2
Mass [GeV/c?

Uncorrectedr(1320) Yields as a
function of G for 6.5GeV dataset for
e in FD (not shown e in FD{@® GeV,
ein FT @.5GeV)

Q.75 1.00 1.25
Q™2 Bin Average (GeV™2)

Counts / 10 MeV

Counts / 10 MeV

Preliminary
MM(e'K+K+)

400

F n;1.520 = 0.003
E 0,0.032 +0.002
200F

F u;:1.329 =0.001

350
F sfB:212

300}

0,:0.026 = 0.001

Y1292 «98

S/B,:0.48
Y1434 =34

Epeam = }6.5 GeV
eFD

MM (e'K+K+)

r e 1.332 +0.001

00022 +0.001
S/B:1.87

C Y;:1060 =68

u :1.552 =0.007

[ 0,:0.058 =0.005

[ s/B,:0.28
[ Y,:337 =46

Epoam = 7.5 GeV
eFD

12



NEE « ~amalyses with CLAS12

Search for theX(1690 in the reactionsQ) MM * 0 *0 (L) and'Q) M * L *p(X°) (missing mass technique)

A RGA data (ream=10.2"Ci)

' MHA*0*0-(L) channel: X(1690)-A 0L Q) MH'AL * 0 *p (X% channel: X(1690)- A p-X°
A Reconstructing 3 kaons o | A Reconstructing 2 kaons alnd a pio‘n
A Contamination fromQy My (A V*0-) N*(AL 0*) A Contributionfrom Q) TH'X * Y*(A O* X (A L p))
M(CK) MM(K'K'Ke) MM(K*K* e)
r ﬂi; WE CAN Background 1205 - éé ;kzzri . _ﬁ' n}:“ _ N i((:?l?)
E / \ EASILY V" 100{— ‘I jr 2;\“- \.1-.“«-}‘- - - Background
| ‘\ WT & r / r_'_.‘v'“(\\':
% ‘d’ 80; | { “ 5
oy \ L ‘ MK'K) {G‘e:‘/f zo; +++ _ ‘H'-F ' '/\x-}\jfﬂ:#‘ ++++ {
: +H+-H-I-‘H’ ++;+f""}+ -'J’ \ HH‘
L T — : ’ T 15 #
MM(K* K K* &) [GeV] 0 I S A VIR — fas —
Backgrounesubtracted yields MUK o) eV
A Efficiency corrected
MM(K* K* e) » . .
‘ Eficieny A First analysis to search for the
é B 0001 E = ”&*‘} ﬂﬁ«n;“;ﬂ § 00.0155— —AK I -
ol THRESHOLD | oo " X(1690) in electroproduction
T oo L A Analysis to be done 6x more
o g T = statistics
: i I om0 ] A Goal is to extract J® and branching
r i S ratios
R e P T TR L, Courtesy of Aslcarg University of York
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Strangeness Production Studies willQ

Counts/2.0 MeV

A Skim

Counts/2.0 MeV

x3 cuts:VtXY 0.0, vtZ 0.0 0.0
E E )
[~ -
_lll_jlllllllllllll
1.10 1.15 1.20
m(p 7°) (GeV) ~ no loss in number
of signal events

%5’ -

=,

$

2 &

6 ] ] L

ol _f':: | .--"m

1.06 1.08 1.10 Lllm(;];’) (Eﬂev) 1.18 120 1.22 1.24

3.

For each track
1. Swim backwards to fixed
Z to get starting point of

Vitx from REC bank=
Doca to beam axis obtained from tracklni}j

Solid line = track (Vtx_x, Vtx_y, Vtx_z, Px, Py, Pz)
from REC bank

5 Dashed line = representation of trajectory used
in determination of Doca of trackl to track2

Vix I'rcr|:1 REC bank

trajectory
2. Swim forward to fixed Z t ¢ ~ T~ Beam axis
to get starting point of .
N | \ Vtx from REC
trajectory \ bank

Swim backwards to ‘

Swim forward to

Compute Doca of track2(1) fixed Z to get starting | \ fixed Z to get starting
to track1(2) obtained from point of trajectory | \_ point of trajectory
swimming track2(1) where " N

N

the swimming is stopped
when the Doca to
trajectory2(1) is minimal

Compute r as the distance
between the so-obtained
doca points of each track

‘ 7° mass-sideband
subtracted

Doca of track?2 to track1 obtained

— from swimming track2 where the

‘ swimming is stopped when the Doca
to trajectory2 is minimal

Doca of track1 to track2 obtained from
swimming trackl where the swimming is
stopped when the Doca to trajectory2 is
minimal

1.
* Using displaced vertex reconstruction
cuts:VtXY 0.0, VtZ 0.0 0.0
. . ' '
B "

500 [~ 3 7 )
N e .
: d \'hn-u.h.n.u.

0 [ I_Jl Ll
1.10 1.15 1.20
m(p 7)) (GeV)
N . *  m(pn)<1.135 GeV
i *  cos(Ay)>0.6;
t «  yrayw/fin5cm of A vtx;
% | L +  250<p(y) MeV.
%g ++H+++
+y e e |
vt e :—"‘: 0 spectrﬁ
H ) _\JK
+’TEO é ] w _ g
Tl
s1MMﬁmWHT
+ ot i +++tt +++ﬂ+-l-\i+‘i-l+t-i-t_

Counts/7.5 MeY

) i ]
m{(p x) (7)) (GeV)

‘ |M . M*ﬁ HM .Jnmn-

“mi(p ) ) (GeV)

A Study hyperons
properties with
higher precision
A decay products

track parameters
at decay vertex
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Polarization Observables fdrtQ a

Counts/2.0 MeV

=

.

First observation of the reactioepA eQ K*(892)* in electroproductionusing RGK Pagslata (6.5, 7.5 QL)

A CleanL spectrumC reduces background in extraction of physics observables fromren@nstructedL candidates
A Studies of beannecoil spin transfer in electrproduced KL final states from unpolarized proton target have shown
that the L polarization is predominantly in the direction of the spin of the virtual photon.
A For theelectro-produced K*L final state, the spin of the-guark is the same as forlK
A test hypothesis that th& spin direction should flip

cuts: VY 0.0, ViZ 4.0 0.0

Counts/25.0 MeV

L i L
1.0& s Lo Lz [N E] L1& Lis

mip n°) (GeV)

139 L2 1.4

3000

g

cuts:VXY 0.0, ViZ 4.0 0.0

rgr IEI

g T T T

K*(892)*
i
+ b
+
+ +++++++++++
4 T
+ H
I H,
+++
Tt

" mm(e'(p 1)) (GeV)

Counts / 50 MeV

400

300

200

100

| KO backgrou nd

| Su btractedi»
i |

\
\
!

Counts/25.0 MeV

n
b ik

b

e
tyr H++++
+

[ on 10
mm(e'(p 7)x’) (GeV)

1.00 1.10
mm(e' pr) (GeV)

1.20 1.30

1.40
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A Search for thaV || == » « in RGA Data

REMARKS:
*  W/o momentum correction

A Not observed in electrgphoto-) production

A Part of Very Strange program
A Possibleevidencefor a peak in n{p p

M = 1.6905 GeV

RGA Fall-18 Data

* A mass peak shifted by
about +5 MeV wrt PDG
* m((p m) K°) peak shifted by
+17 +/- 5 MeV wrt PDG Q-
mass
® no K vertex vertex
correction
= Effect of binning on
peak position (next
slide)
= mi(p n) K") spectrum
has large bins (limited
stats)

Counts / 16 MeV  _

m(pr) k) (Gev)

=7 | evidence for

-) K) distribution consistent with th&V

Looking for Potential Overlap with the

5(1690) DA K- £(1690) 2A K

 production

By Missing Mass [MM(e" p 7~ K’)] Analysis

correspond to the sum of the masses of 2 kaons. Taking into

*  We would expect some Z(1690) production to occur for
MM(e p n K)] in the region above MM threshold for Z(1690)
production and below threshold for Q- production

A Not seen in RGB (deuteron target)

A Analysis to be redone with dataset
processed with improved tracking an
latest Lambda skim

A Spring18 RGA dataset to be included

MM range

* The Missing Mass (MM) threshold for Z(1690) [dss] production

* No peak is observed in the red distribution corresponding to this

account resolution effect, the threshold is estimated to be 0.85 GeV

4
—

d

Missing Mass
[m(e"pmK)]

spectrum for
selected events

-- Region above MM

threshold for Q-
production

-- Region above MM
threshold for £(1690)
production and below
threshold for Q-
production

L i
/*H f HHﬂJf 26 oows b
/ N " Y merrx @em “ " .
/
V4
s
4 After A
signal Histograms corresponding to
region cut =  Region above MM
| [ threshold for Q-
production

Region above MM
threshold for £(1690)
production and below
threshold for Q
production
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Meson Spectroscopy with photons at CLAS12

A Quasireal photoproduction with CLAS12 (Low?®lectron scattering) using a Forward Tagger detector to
investigate the light quark meson spectrum and search for hybrid meson states

Forward

CAD implementation
Calorimeter

e
] *

Tracker

Scintillation

§.A812

A Detection of multiparticle final state from
meson decay in the large acceptance
spectrometer CLAR

the quasireal photon in the CLAZ Forward
Tagger (low angle detectidh5to 4.5°)

Highintensity and higkpolarization tagged

Detection of the scattered electron for tagging

dphotoné beam; degree of polarization can be

FLige determined eventby-event from the electron
kinematics
TheMesonExXProgram
A Detailed mapping of the meson spectrum up to 2.5 GeV mass.
A Search for rare or poorly known states (strangerss OK = a OF f  NBASX X0 @

A Search states with unconventional quagkion configurations.
o Ongoing cdimeson photoproduction analyses:
0

o
resonances.

Analysis techniques to be extended to vecpseudoscalar final states.

Current analyses of final states with charged mes@¥JA better resolution (acceptance correction, background modeling)
Model-independent moment analyseRartial Wave Analyses (PW®A\)structures in the moments can suggest the presence o

—h
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- @ Vo = apalyses with CLAS12

Moment analysis for the reactionf) or p*p-using RAA data (heam= 10.6' A on LH2 target)

o) Mon p*p-channel: ot
A Detection of all particles in the final state Y -
A Clear observation of the(770), f,(1270), r (1690) % '
A Moment, PWA analysis taking baryon into account ongoing | IR
A Preliminary results in good agreement with expectations freah&nel |
helicity conservation and pomeron exchange P P
A Similar ongoing analysis of tlgg Mg\ K*K-channel (Charlie Velasquez, U. of York)
.S - ™~ P,
P70y (1270 | o ot e
! S . ©0102 03 0.4 05 06 07 08 . %01 0203 04 05 06 07 O'Br %01 02,04 0.4 05 06 0.7 08 . 010203 04 05 06 07 o‘sl‘
M(TT*T) e S P, P, P,

t t t 1

Courtesy of Derek Glazeddniversity of Glasgow 18



Motivation for the search for the exotigp,(1600) with CLAS12

Evidence from COMPASS in pion diffraction data:
A 3-pion final state analysis to search for the exotic
spinlisovectormesonp,(1600) [ 1=1,R¥= 1*]

A Seenimp, h@, r (770)(A p*p’)p channels

x10°

P770)

Entries / (5 MeV/c2)
—

fD (980)

lf2(1270)

05

p(1690)

Phys.Lett.B40 (2015) 303; PRD 105 (2022) 1012005;
PRD 98 (2018) 092003; PRL 104 (2010) 2418

Feasibilityof PWA with CLAR?

W plpn™ - ~ - process is described
as sum oBisobar channels:

Black = generated blue/red = fit t=0.2 GeV? (0.5 GeV?)

a,— p 7 (D-wave)

a, — 0 7 (S-wave) |a,— o 7 (D-wave)

TETREET

14 18 2
31 ivwariant Mass [GeVic"| T e M. ()

a2’ Dwave) wf
alh  Swave) -
ailh” D-wave) -
“2lh" P-wawe)
“2lh" Fwave)
“2hf2” (Swave)
“2Mbf2” D-wvave) N
.M Pwage) (exotic) =

T, = p ® (P-}

n,—f, m(S-wave) |

L B A Ra Ll

A 18 8 @ a2 14 8 2 12 4 18 8 12
3t iveaiant Mass [Gawe") 34 e Mass (v ") 20 e Maae [ 7]

n,—f, = (D-wave)

11— p w (P-wave)
(exotic)

5 3 All waves

WAmplitudes calculated by
A.Szczepaniadnd P. Guo

ACLAS$2 acceptance projected..
and fitted p

APWA is stable against CLAS
acceptance / resolution
distortion

. 8 § § §
NEREERN

B s M (G )
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