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Baryon Spectroscopy at GlueX
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collaboration with the Massachusetts Institute of Technology
Center for Art, Science & Technology and Jefferson Lab

. Light baryons (u, d, s) have 6 families: N, A, A, 2, B, €

- Many excited baryon states predicted, few well-established, many’s J¥ to be
determined [Phys. Rev. D 87, no. 7, 074504 (2013)][Phys. Rev. D 87, no. 5, 054506
(2013)]

- "Hybrid" baryon state, but unfortunately populate the same J¥ values as
conventional excited baryons [Phys. Rev. D 85, 054016 (2012)]

Interaction dynamics and spin structure not well-understood in NY, YY system

GlueX Baryon Spectroscopy Program:

. Pole structure of A(1405) from coupled-channel analysis in NK - Xz system

- Attractive dynamics and spin structure in photoproduced Baryon-
antibaryon pairs: NN, YY, NY, ---

« Excited Cascades states

Hao L1 — Baryon Spectroscopy at GlueX — JLUO2024



Forward Calorimeter
Time of Flight

Barrel Calorimeter

Baryon Spectroscopy via Photoproduction at GLUEXWW

Start Counter
The GlueX Beamline and Detector

Large acceptance (near-hermetic) detector: NIM A 987, 164807 (2021) Target

Photon Beam

- Exclusive event reconstruction with charged and neutral tracks T

Forward Drift

Magnet Chamber
. Linearly polarized photon —> moment analysis / partial wave i Central Drift
Chamber

analysis \ S

Solenoid

Radiator

- Capable of multi-stage detached vertices reconstruction
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Forward Calorimeter
Time of Flight
Barrel Calorimeter

Baryon Spectroscopy via Photoproduction at GLUEXW

Start Counter

: The GlueX Beamline and Detector
o World largest photoproduction dataset at 6 < Ey < 11.4 GeV AN A 987 164507 (2021, _—

. Phase-l dataset ~439.6 pb~!, Phase-Il ongoing el

1;:33:12% Forward Drift
. . . Chamber
o s-channel vanishes, t-channel dominates GlueX energies Electron |
Beam Central Drift

Chamber

P

GlueX Energy Range

- Top vertex production recoiling against target proton (possibly excited) —>
access to the near-threshold region of baryon production

Radiator Solenoid

. Total cross section, differential cross section measurement —> study
oroduction mechanism —> extraction of physics S
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A(1405) / \\\\\\\
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Pole structure of A(1405) from
coupled-channel analysis In T
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[Hyodo, T., & Jido, D. (2012). Prog. in Part. and Nucl. Phys, 67(1), 55-98.]
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p A(1405)
Pole Structure of e
=0 (I=1)
) A(1405) // \\\\ B 200 -
, , / T — >
e‘og / = 150- —@— disappcar
&‘ oy - (l=l) x=0.5
® = = e - 0.8 N -
................ @ Narot E , _—
o A0 . : - 0.6 (- J g o . ' === 1680
.. ‘ ITI[1/MeV] i b I=0)
§ s A ................. ,:- ] 0.6 - 0.2 | \ 1700
R ; . [Octet Rezy [MeV]
4'. ..... . 02- D. Jido, J.A Oller, E. Oset, A. Ramos, U-G Meissner Nucl. Phys. A 725 181 (2003)
O
%"4, LO g, — "L 7L - KN KN~ 75— K|
s [m(z] [MeV] 2
[ N i 0 1440 120 -
1340 1360 . ‘:’:2 o 1400 1420 1440 Re[z] [MeV] 1420 1400 0.5
Mai. Eur. Phvs. J. 230 (2021101140 [Hyodo, T., & Jido, D. (2012). Prog. in Part. and Nucl. Phys, 67(1), 55-98.] ;D 0.0
<
(=2
- Chiral Unitary Approach: SU(3) breaking leads to two (I1=0) poles:
_ 0.5 1
° higher pole (~1425 MeV) couples strongly to NK
0.0
° lower pole (~1390) couples mostly to 27 0.0
. LQCD: prediction in NK - Xx coupled-channel support second pole picture -0
_ Z 00
« Most previous low-energy NK experiments not sensitive to 2m; Some experiments o1l ,
consistent with one-pole solution [Physics Letters B 837 (2023): 137637] [EPJA 56 (2020)56:139] = — =
. GlueX: the best data for clean photoproduction yp — KtA(1405) — K {7z} P Re (B g
— K {pK~} [J. Bulava et al., Phys Rev Lett 132, 051901 (2024)
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CLAS6E Results of A(1405)

"Measurement of the 2m - | | L
ohotoproduction line shapes near the K

A(l 405).. [K. Moriya, R. A. Schumacher, et oy ()-—-, ........................................ .. ....... o
al., PRC 87.3 (2013): 03520] 0.5 _

o "Spin and parity measurement of the A 1 05 0 05 1

(1405) baryon" [K. Moriya, R. A. cos6.
Schumacher, et al., PRL 112.8 (2014): 082004]

PRL 112.8 (2014): 082004

[K. Moriya, R. A. Schumacher, et al., PRC 87.3 (2013): 03520] I L A A L R A L A A B — 1
A _ ——data — A(1405) : _
3b i 5 s <, 1000 [~ " —
: A . W=2.10GeV § . .A(ISZO) .K v _
S [ Z,,ﬂ.’",.- Tt +: E, = 1.88 GeV - § - .20(1385) Y 1670) :
s | !’ S 5001 . -
= I 1 = 1] -
3 MW *“ H | g ] _
A B oI . r N .. =M
++*+‘ g VOTS’/ ‘ l . +lt .-+‘ L s 0 - Ratestac _
g S B O bt 1.35 1.4 .45 1.5 1.55
I e SN et st el S . :
0 s 1.4 145 LS M@ ) (GeV/c)

21 Invariant Mass (’GeV./cz)
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Reinhard Schumacher, Nilanga Wickramaarachchi,

Measurement of A(14035) Lineshape at GlueX peer Hurch

do(mtX~ 1 o 2 5 i + 0.0 + —
+ (dMI ) o ngkn)’z |T‘”|2 \/6R o(TOT Hyperons in yp to K™ {2"m"} &IK {p| K }|
g . " > 0.30 " I’ GluexX -
“1 . . e
My, do(r_27) —|T“‘)| + = |T“)| - lRe(T“”T‘-”*) G A(1520) t p K~ (scaled)
h, 0 dM V6 =
& 7 ' 2 0.25 —
K do(ﬂ'OEU) |T(U)|2 = + Gll%
,///33(7 d‘]\'j % 0.20 ¢ Preliminar y
Q:N SR YHr < L [}
A(1405) ¥ 3 A(1405), 5 M o A(1520)
P ™. ™~ - 0.15 g !
ZO< T 9 ty i R
A(,a 9 0.10 : N ; .
\\p 8 . ¢§ .:.
8 005 +* :‘ "I ?Ww
K. Moriya, R. A. Schumacher, et al., PRC 87.3 (2013): 03520] S . 1 3 -
L R - . . ¢ ‘::TV“' '.o........°....T
3 é § 0.00 1.35 1.40 1. 1.50 155 1.60 1.65 1.70
4.+ . W= 210G Invariant Mass {Z°7°} or {p K~} (GeV)
> P s | T* +’ = = 1.88 GeV
S Ll _{u“ \ ] Ansatz: A(1405) tails cause pK-
gl i turn-on at threshold
fg. - H* + . ,: } _
S b Jﬂ. u & r Tl oy GlueX has the best dataset to analyze coupled-channel NK - 27
H Vo o/ : i \ . . . .
B ++"'+‘ 5 : \ +'1 "+‘+.|‘|'+?.“ . A(1405) — X920 is pure I = 0 with no contamination from X°(1385),
: 4 5 RN . . .
+"‘,f3 PN ATTEw 4 by differential cross section shows threshold effect
A A P . A(1405) — pK~ shows instant turn-on at NK threshold
27 Invariant Mass (’GeV./cz)
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Reinhard Schumacher, Nilanga Wickramaarachchi,

K-matrix Fitting of A(1405) Lineshape at GlueX Peter Hurck

Hyperons inypto K+ {I%1°} & K+ {p K~} ok T i
— | | 1 ' | et en | ®  Mai:2014xna(2)
g 0.4 —(P;'w/%y' T ﬁ =T :0’; ] FT H ® Mai-2014xna(4)
'?L : Single state A 'keda:_m"pi "
; 0.3 : .. Coherent - V¥ Sadasivan:2018jig
5 E 0K~ GlueX & Guo2012w
3 0.2 : . SO0 GlueX - , Feij00:2018den
é X ' (O Borasoy:2005ie
¢ 01 : "' Z A Oller-2000f]
v ‘ "11} o v Jido:2003cb
= i < O Morimatsu:2019wvk(B)
© 0.0 . I ' v & Morimatsu:2019wvk(C)
135 140 145 150 155 160 165 1.70 = S s
Invariant Mass {2"n°} or {pK " } {Gevgﬁ . = S
§ 2 & @ Roca:2013av(2)
-§ 0.0} -;“}»"’{‘ SH el e G T = _100 @ Anisovich:2020lec(1)
a8 —25 . S —— 1 A Anisovich:2020lec(2)
135 140 145 150 155 160 1.65 1.70 e o
Invariant Mass {Z°1%} or {p K~} (GeV) O Zhang:2013sva
, , , v Haidenbauer-2010ch
- K-matrix formalism: a scattering theory approach that ensures o Clepy2011na
unitarity in description of resonances and their interferences e
G m Shevchenko:2011ce
. , o , 340 1360 1380 1400 1420 1440 'V Shevchenko201ice
- Each element of K-matrix describe one specific propagation Re W (MeV)
S : iminary>
from initial state to final state and a pole refers to the @ Cluex results (preliminary”)

singularity of a propagator on the complex plane:
*pole positions not finalized yet with systematics in progress

o real part —> Resonance Mass

| | - First coupled-channel K-matrix fit on GlueX data, seems to
o Imaginary part —> Resonance Width favor the two-pole structure ansatz
 Planned for publication soon
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Baryon-antiparyon
Photoproduction
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Hao Li, Reinhard Schumacher

Baryon-antibaryon Photoproduction

) 3} " T
e R ' _ ' g L//
R|Cb channels of exclusive .baryon ) . P » ‘@\ "
antibaryon photo-production: a®\// 1\_‘Y//7/ Poatp B *;‘,r—pf\
_ _ 00 _ 00 S :N, p/\\p p//\\p
pp, AN, pA, ZV3° 273 BEVEY, PO p p <) © (@
> > Mo : ,p’ 7‘(‘0’ Py ...
/\\ /\\ .
- Single Regge: “angular gap” D D P P &®< “/
: K, K*, .
between the baryon-antibaryon Single Regge ~ 65%*  Double Regge ~ 35%* | |-
system and recoiling particle /\ /\\
* Preliminary estimation based on incoherent intensity model fit over full
range of kinematic region

- Double Regge: “flat” angular

Model Fitting to GlueX data
distribution for the particle x10° %10’ sooX10° | Tt GlueXData
, g 200:_ *‘é* ok g —— Combined MC
produced off the middle vertex 3 § 2 BB Single Reqge
150F [ =~ Double Regge-l
.. 80 ~~ Double Regge-ll
- Unprecedented statistics to test 100~ ol
Regge Modeling, without mesonic/ o G 40t GuuiX” G\~
. ; Preliminary Preliminary Preliminary
haryonic background. | 0
5 0 05 1 %7 05 0 05 1 . - 1
.., Cos(6°") B cos(6M) P, €08(6°)
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Hao Li, Reinhard Schumacher

Threshold Enhancement: Invariant Mass of pp. AA. pA

J /W — v pp radiative Decay —= GlueX Data
. J'.Z.'Ba: et‘al. 'PR!_ 91(2(1)03') 02'2091 N “%’ 300} GLEX ';; 30} ¥ GLL_’X g 30} —— Clustering Model
S : o) Q " Preliminary 2 b od Preliminary Q -!- —— PHSP
! Q Ko ahets
T BES-II result 2 200 g 20 W g2 a0p
100 - = & ! s
s | o : = 100 = 10 = 10
. - o B B
= b : : T\ e
_IU_'J 50 — » e o g " Preliminary
~ : PP 1 & J0 AL LA s B R B P el OO G R GO T D N I S
Wt G 0 0 0= 2.5 3 3.5
R ,' | IM ~ (GeV)

. Comparing to X(1835), broader threshold enhancement observed in pp, AA,

Weighted Evts/bin
|

Z p/_\
do —(m —m )
7000 010  0.20 ° Enhancement modeled as — ~ exp( threshold )
m —2mp[GeV] dm Cm
- Ongoing studies regarding baryon-antibaryon dynamics
. Threshold enhancement X(1835) o Final-state Interaction (FSI) [Eur. Phys. J. A (2023) 59:136] [Eur. Phys. J. A (2024)
o First by BESII and confirmed by 60:119],
CLEQ [Phys. Rev. D 82, 092002] ° Sub-threshold scalar meson f,(1370), f,(1500), f,(1710) with glue ball
o [6(JPC) = 7°(0™*) determined by content [Phys. Rev. D 96, 054024]
BES-III [Phys. Rev. Lett. 108, 112003 o Hyperon-antihyperon spin correlation [PRC 54.4 (1996): 1877][H Li, Hadron

Spectroscopy with Strangeness 2024 ]
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Hao Li, Reinhard Schumacher

Total Cross-sections of pp. AA. pA photoproduction

0.3
140 —+— (PP GlueX : -
— | —— {pp}p PHSP+Clustering | : -
i e 5 0.25
1 20_ i Eigg IC:II-IS;(+CIustering B
" | —6— {pA}A GlueX j _
|- - - {pA3A P!—ISP+CIustering ' 0.2
1 OO— Historical o(pPp) |~ o _
[~ | —— SLAC (1973) 9 :
| | &% CERN (1980) © 0.15
o 80 LAmP2a%80) 7 o - Preliminary
c Lo | 0 S /A z g
D B . B —— GlueX: G(Y p-> AKp)
oL A - | ; "5ty p > pPD)
: 5 0.05F /- ...................... .......... Model: PHSP + Clustering"
L
i O | | | | | | | | | | | | | | | | | | | | | |
i 4 6 8 10 12 14 16
20zl g E, (GeV)
O_' I'g'r;: #llé_,-:: | | o | o | o |//||||||||-0 N TII————————
2 4 6 8 10 I 40 60
E, (GeV) - Non-strange/strange ratio related to

orobability P(uit)/ P(s5) in QCD hadronization

- First measurement of photoproduction cross o |
- Publication in preparation (under

sections combining NN, YY, NY collaboration review)
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Excitead Cascades
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Excited Hyperons

o Many excited Cascade states to be confirmed

iN the spectra predicted by quark mode vl Status as seen in —
vera
r | | : : . Particle  J¥ status =7 AK YK =(1530)m
O
Many | otq pomts I PDG are fTrom decaades O 12r s
ago with limited statistics, some has unknown — [E(1530)] 3/2+  ##xs .
I - Z(1620)  1/27 7 xx o
[ termin
/ yetto be aete ea =(1690)  1/27 7 xexx 5k KKK *
, =(1820 3/2—  kkk Kk k% ¥ *
° Recent contribution from Belle!? and BaBar =2(1950)  3/27 7 sk *x o X
. = 9
Collaboration (charmed baryon decay): =(2030) > 5727 e o o
=(2120) X x
=(2250) %%
1 AL = (ZTK7)z(1690)K ™ [Phys. Lett. B 524, 33-43 =(2370) o
(2002)] =(2500) x X x
2. A} — (B %)g1530K " [Phys. Rev. D 78, 034008 [ 1 Currently being investigated at GlueX
(2008)] Particle Data Group

3. EF = (E"7)z(1620)2(1690)%  [Phys. Rev. Lett. 122,
072501 (2019)]
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Jesse Hernandez (Hadron Spectroscopy with Strangeness 2024)

="(1320) Cross Section

W _______ K _+_ _ | 2 ﬁfpata;“ GlueX Phase I
| = 5sEDsem || M= 1322235 Mevie:
K/K* | Kt © 3E [} x¥indf=1.095 |
Ve - _ > 25f o — ~
»> 4 < ™ = N -8
b 7 st Z 14
1E A~
0.5F [x]
@ Detached Vertex o + 12
p -
10
- Necessary building block for heavier excited cascade T s
search, proof-of-principle for GlueX detected vertices &
reconstruction ST
| | S | N«
. Total cross section compared with CLAS data only up to 54 - 1

GeV [Phys. Rev. C 98, 062201(R) (2018)]

- Good agreement with CLAS data and show cross section
falls with increasing beam energy

- Analysis near finishing, overall scale to be finalized with
ongoing systematics study
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B. Sumner GHP 23’

Gui

Preliminaiy

=~ (1530) g o

Y
N
N
o
N
"
lllllllllllllllllllllllllllllllllllllllllllllllll

4* 7 T
P Y \}*_\ / B 0.2 .
— A m ;
— / 0.15 * { ‘ %
N \A ‘ 0.1 | + |
p 0.05
:“_,’60_= %llll7lslllléllllalsllll;l11191511111101114015111111
8 F GLU EXW Center = 1.537(2) GeV . . . Beam Enerav GeV
50:— Preliminary , / Width = 11(2) MeV L —_—_—_—
40—
b ‘ . 50% of the GlueX Phase-| dato
L L | . |
: Jr + - No significant energy dependence found in
10:__ ’ . . o .
- e total cross section, surprisingly different
oE
s T s T s ey from ground state E(1320)
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Chandra Akondi, Volker Crede

= ~(1820)

Phys. Rev. Lett. 122, 072501 (2019)

05>$105 ' i ‘ 6m UFU'I'II!H'jUUiUIIUUIIU'U "=
> :GLUEXW. 1} =(1820) 5 GlueX =(1530) PBelle
= E 7 : : Fit
: - ; L 500 =(1620)
= 04 Preliminary i\ E A Background <
~~ K | : : S
L C = - A E E 400
"G&; 0.3 =(1690) ‘ U E <H> E 8 -
= :,E L ax & <}’ I : ‘..-‘. Y 3._0 ™
- 02_i ','." :é : .’ .»-',- 8-300
. :'E- y &0 i ’% ':P Iig ® {> O (1? % .:
e B Zaof fi0
0.1t o )
i S ;
Y 100 '
OPI i 1 7 1 81 L *1 '9' Lty é L '2l 1' L '2|2' L '2 3 e s
V. Crede and J..Yelton, . . . - ' 0 . Npageog:
submitted to Reports on Progress in Physics, IOP M(AK ) (GeV) 1.5 155 1.6 1.65 1.7 1.75

. Entire GlueX Phase-l data, much wider AK ™ invariant mass than Belle
. First photoproduction measurement for 2 7(1690,1820) —» KA

. Opportunity: more data coming in GlueX phase-1l with better K/ separation
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. GlueX’s coupled-channel measurement of NK - Xz system is important to
understand the confusing pole structure in A(1405)

. Photoproduction of pp, AA, pA... systems provide rich data to study various aspect
of baryon-antibaryon dynamics

. |Investigation of the excited cascades cross sections will contribute important new
dataset to the PDG and provide better understanding the role of strangene
baryon sector

A
GlueX acknowledges E E
several funding agencies anc uting

facilities (http://gluex.org/thanks) E
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