Exploring Photoproduced 77(3710 Systems In the
Search for Exotic Hadrons at GlueX

10" International Conference QNP — Barcelona, Spain
Hadron Spectroscopy

Zachary Baldwin, July 8, 2024



Introduction / PWA / Moments / Conclusion

Total angular momentum | / =0,1,2,...

Constituent Quark Model

@ Parity | P = (— 1)L+1 L is the relative orbital angular

momentum of the g and ¢

Y is the total intrinsic spin of the
qq pairs

Charge Conjugation| C = (—1)t

Allowed J"'¢ quantum numbers

L S JPC L S ]PC L S JPC

00 O"[1 O 1™ |20 277
o1 1I— |1 1 0" 12 1 1~
1 1 17 ({2 1 27
1 1 2772 1 3

QNP 2024 2
Zachary Baldwin



Introduction / PWA / Moments / Conclusion

Total angular momentum | / =0,1,2,...
Constituent Quark Model

@ Parity | P = (— 1)L+1 L is the relative orbital angular

momentum of the g and ¢

q
Charge Conjugation C — (_1)L+S S is the total |r_1tr|n-5|c spin of the
gq pairs

Allowed J"'¢ quantum numbers
L S JPC L S ]PC L S JPC
&8 5 5 £ O Discovering forbidden quantum
01 1I—/|1 1 0|2 1 1=~ numbers would be immediate

1 1 17|12 1 27 evidence of a non-gqg state

1 1 2772 1 3

QNP 2024 5
Zachary Baldwin



Introduction / PWA / Moments / Conclusion

Total angular momentum | / = 0,1,2,...
Constituent Quark Model

@ Parity | P = (— 1)L+1 L is the relative orbital angular

momentum of the g and ¢

q
Charge Conjugation C — (_1)L+S S is the total |r_1tr|n-S|c spin of the
gq pairs

Allowed J"'¢ quantum numbers
L S JPC L S ]PC L S JPC
&8 5 5 £ O Discovering forbidden quantum
01 1I—/|1 1 0|2 1 1=~ numbers would be immediate

1 1 17|12 1 27 evidence of a non-gg state

1 1 2772 1 3

Qo gluons play a larger role?>

QNP 2024 2
Zachary Baldwin




Lattice QCD

| predicts “ '

e | gluonic E—
itations”, confirming mesons that UCtlon/PWA/MomentS/ConCIUSion

are not | '
|<()t In constituent quark model
nown as exotic mesons

:; EXOTICS Exotic Hybrid

4
4
| _— @
JLAB-THY-11-1314 .
TCD-MATH 11-02 .
Isoscalar meson spectroscopy from lattice QCD 2 s
Jozet 3. Dudek > Rovert G, Bawards,) Balint Job.! boocsasss - v
M Michael J. Peardon.? David G. Richards,! and Christopher E- Thomas' .
agd/spec (for the Hadron Spectrum Collaboration) o
! Jefferson Laboratory, 12000 Jefferson Avenue, Newport News, VA 29606, USA
: Lalof Physics, Old Dominion e ersity, Norfolk, VA 29520, USA ?
Y School of Mathematics, Tranity College, Dubln 2, Ireland heocaaqe—c- s
We extract 1o high statistical precision an excited spectrum of single-particle jsoscalar mesons pososand ™ .
um\-maQCD mmdh@mmd.ﬁo‘rtheﬁ:ﬂti-e \ightgxoth"ci.mulm p"
Themd-nm\qwl&ldcmdmﬁonhumnhleduﬂomtm he lon ing challenge .
of efficiently including quark-annihilation contributions- Hidden-flavor mixing angles are extracted 133538380 '
— and while states are ndmbedos!&osdn-llyﬂ-vumin&tberem of large
— mm«mwwmmM-umw.mamuJ isoscalar /0 ¥
8 m.weun-mm,u-hmw-b\ewmmtwwwu ‘
’8 Introduction: Mesons which have all favor quantum JPC with typically low statistical precision {3-5]. Glue-
8 9 numbers equal to zer0, nmuwﬂ,wm‘pu i ich produce jonally clean spectra
— ticularly interesting sector of QCD, the gange-field the & become challenging /) = 0.158(30)
o o{quaksmdglwm Theycnnbcconstmcwdﬁom in Dthmushsuongcou to
quuk«m!.lqum'k pairs of any flavor of even from states In this letter present meson spectrum
o  of pure glue, and in general the QCD cigenstates willbe fora single choice of light and strange quark masses. lat- y) = 0.1025(5)
8w ons of these possibl basis states which mix tice spacing and volum e oss multiple J 7€, excluding oo
é. through quark n. By studying the spectrum the 0F 1 case which is of sufficient interest 0 justify &
5 and hidden-flavor content of isoscalar we can in-  separate publication of its own. This extends the work
= fer a pheno! ofanmhnauondynmbinQCD. reporwdinlsﬂ tmvocwnndhonkmmm
— Empirically it i found that many Jow-lying isoscalar advantage of many of the techniques S——
—  mesons come in identifiable pairs with a strong prefer- Lattice technology: We compute the spectrum of " Y
> | ence for ideal flavor mixing; prominent examples include  isoscaler mesons using & basis of operato of the form " u
g: where the admixture of |s3) into the ominantly 040 = 4 (artu+ dr:‘d). O4(t) = ATs, where & [ &“
N o (lut) + |dd)) w jmated to be below 1%. Sim-  d, and s are the uP, down and strange quark fields, and i ]
o dlarly the rensor mesons, [2(1270): 13(1525), where {he the I'{' are operators acting in space, colot, and Dirac “';;'m 9
C\i lighter state ys y into 7 & the heav-  SPiB space |10] on & time slice, t- We combine these P .
o jer into KK susgeﬂ'mgmixingo(almoﬁl% {1). There opqmwmwoomtx:\mwo- i mmmso(mm .
. are notable exceptions 10 the dominance of ideal flavor q;(t',z) = (qoj‘(z')o’,'(z)\o) which, after integration .
- mixing in the Bﬁdﬂmm-Tmnﬂd of the quark " can be com from connected com- !
> n meso! to be close to the octet and singlet  ponents diagonal in quark flavor . We .
2 cigenstates of SUB)r which have Jowest quark content , r than .
S i (o) + ld) —219) and s () Ay e CaO0” o (@A O (¢ 07 Ol o), *
spectively and are thus far from ideally flavor mixed. ) that
muwmmmgﬁmmmpm mdduwnnededcomponenuthnunmhﬁnvor. ..
nomenology - the large number Jow-lying resonances ‘o (¢ t) = Ay ¢ g B . ure
has suggested interpretations featuring light and strange DB RGO ) ® (t)f'(u“ ators 4
qd. 997 SALeS glucballs and meson-meson molecules 2. The quark fields in O are acted upon by a “distilla- ers
Our ai s 1o extract an isoscalar meson mass tion” smeari rator that emphasizes the low mo-
spectrum and study the hidden-flavor composition of mentum quark and gluon modes te low mass )
the states using lattice QCD computations- This is o Dadro® 9, 10). This smearing can be factorized al- that
ngu@mgmwwm_ It requires lowing the WW“.f..nndthcwomm- e-
lattice gauge configurations With dynamical light and WO projected operators, &, tobe w“‘;"“"‘“‘ as matri- by
strange quarks in ordet that the flavor mixing appearin % in distillation space: (' t) = Ve Mg 1, 1)V, and tes
a unitary manner, while evaluation of the disconnected (1) = VITV,, where V, are the eigenvectors of the t-
correlator contributions that distingul {soscalars from ymgo-oovnrilnl thm—dinmﬂunal Laplacian operator on
isovectors is wmputnliomﬂy expensive and the signals & time-slice ¢, and M, is the lattice representation of the
obtained typically diminish into noise at small Euclidean Dirac operator for quark flavor g- The resulting traces are
i prob\emthavelimiwdmkulnuonnoafew lhcnovdthc:etoldgenvecmvhiﬁhilmuch
{4

J. D
uollae;'( et al. [Hadron Spectrum Collab
ys. Rev. D 83, 111502 (2011) =

QNP 2024
Zachary Baldwin l



| atti
excn:’:;c:)cne ,(,)CD p_redicts “gluonic
e S%, conflrming mesons that
ot in constituent quark model
known as exotic mesons

1 Feb 2011

arXiv:1 102.4299v1 [hep-lat] 2

Introduction: Mesons which have all favor quantum JPC with typically low statistical precision [3-5). Glue-
N 3 ol

D through strong coupling quark sector )
qwkuttquuk pairs of any flavor of even from states In this letter we present the i meson spectrum
of pure glue. and in genera!l the QCD e‘memuusvﬂlbe for ninslechoiceoﬂigm.nd.uu@quuk masses, lat- =0 1025(5)
su tions of these possible basis states which mix tice spacing and yolume across multiple J7€, excluding oe

through quark annihilation. BY studying the spectrum the 0F 1 case which is of sufficient interest 0 justify &

p—

Isoscalar meson spectroscopy from lattice QCD

! Jefferson Laboratory, 12000 Jefferson Avenue, Newport News, VA 23606, USA
* Department of Physics, Old Dominion University, Norfolk VA 28529, USA
3 School of Mathematics, Trinsty College, Dublin 2, Ireland

We extract to high statistical procision an excited
using lattice QCD, including i

m\ud-mlqwi&ldmdmwwmbbhdm(ommmemwmn&a

of efficiently including qnuk.mnlh'ﬂlliw

-nd-hihmmnnumbundmbechnwwyﬂ-mmua&tmmmn%ldhme

uﬂmmthep-eudogcdﬂmd.xdmthm

JLAB-THY-1 1-1314
TCD—MAT“ 11-02
2
Edwu'dt‘ Balint Job boooceseoe (¥
000600 —C*

spectrum diulrprtubwhl mesons ccoasos D"

P
T D"

deden—nmm'\xinsmﬂs-entxmud 133538380

_ The exotic J jsoscalar i} 0,
m.ppeuunmmac-hmpmb\ew&eentkmwwu

, which p
i in the quark-less Yang-Mills case 6], become challenging /) = 0.1583(30)
oryo(quuksnndglm‘Theycmbcoonstmdndﬁom in QC! to the

and hidden-flavor content of {soscalar mesons W¢ can in-  separate publication of its own. This exte

o!annmnauoudynmbinQCD. reporwdinls.qwrimecmmdhonkmmm,uhng

Empirically it found that many Jow-lying isoscalar advantage of many of the techniques

ence for ideal flavor mixing; prominent examples include isoscalar
w, & where the admixture of |s3) into the dominantly

%(\uﬁ) + |dd)) w is estimated to be below 1%. Sim- d,
darly the tensor mesons, 12(1270), 13(1526), where (he the I'f are operators acting in space,

lighter state

jer into KK sugeningmmnsofnma 1% {1). There
- .

are

Al

spectively are thus far from ideally flavor mixed.
mummmwwmmpm

quark content

have lowest
..;6)4’.1{3 — 2|s8)) & és(lui)*\dll)'*\ﬂ)) re-

WW‘
obrained typically diminish

times. These prob

deuysdmoﬁe!;urdy into 7w and the heav- spin space (10| on a t

Lattice technology: We compute the

rators

in quark flavor. €. We

) r than
cLa.n = Sog T [@4 ()70 (¥, 02" (Ot ], X
and disconnected components that can mix flavor, “"f
DL = Te[@A ()¢ .0)) [@° (Oyra(t:0)- b
Tbeqwkﬁddsinamucwduponbya"dmill& ers

mesons a basis of operators of the form
oL = -}; alfu+ nﬂ‘fd) o4(t) = sTAs, where u,
andamthcup.davnmdmn&eqwkﬂcldﬂ.md

color, and Dirac

jme slice, t- We combine these
to construct two-point correlators of the form
tions to the ‘dominance of ideal flavor c‘j";(g',g) = (qo‘:‘(y)o";(g)\o) which, after integration
mixing‘mthep.gw and axial sectors. The n and o(theqwkﬁdds.csnbcoom
yf mesons appear to be close to the octet and singlet ponents, dingonal
cigenstates of SU3)r which

nd

N
from con com-

disconnected

gpectrum of " 1

the low mo-

J. D
uollaelf'( et al. [Hadron Spectrum Collab
ys. Rev. D 83, 111502 (2011) =

QNP 2024
ZaChary Baldwin

o 2.5 GeV

2.0 GeV

Introducti
uction / PWA / Moments / Conclusion

EXOTICS

—

- O-|-_

Exotic Hybrid

0

q

Glueball



L atti
attice QCD predicts “gluonic

excitati N :
citations”, confirming mesons that

are ' '
nlc()t In constituent quark model
nown as exotic mesons

| =

cigenstates of SU3)r which have ,

—2(s#)) and 75 (I dd) + |s8)) re .= 6«'“{0‘0‘»((:'.t)o‘u)r.(u ).
spectively and are thus {ar from ideally flavor mixed.
muwmmwwmmpm

arXiv:
T
+
5

aking . .
lattice gauge configurations With dynamical light and tum_pm!"'-’_“d operalors, » S b wn?'mod'“ v, and
atice B vk in order that the favor F0TE ieht Y oo in disillation S (eat) = VM0V o

covariant

is eompumlioxmﬂy expensive and the signals & time-slice ¢, and M, is the lattice nplewnhuon of the
obtained typically diminish into noise at small Euclidean Dirac operator for quark flavor g- The resulting traces are
umﬁ.‘!’hcscpmb\emthavelimiwdmkmuonﬂtoafew thcnovathcmoldgenvecmvhinhinmuch

7/ mesons appeat to be cIO8C o he octet and singlet  ponents, dingonal in quark faver: o
lowest quark content =
uil) + |

pomenology - the Jarge number of low-lying resonances ‘o (¢ t) = Ay ¢ o B ) ure
has suggested interpretations featuring light and strange D3¢ @) ) To[® (t)fq(U)] ators
qqqq@swu.g.\ucbdhmdmaon-mmnmoloculm Tbeqwk&:\dsmOmacwduponbya distilla- ers
Our s 1o extract an isoscal meson MAsS tion" smeart rator that emphasizes the low mo-

spectrum and study the hidden-flavor composition of mentum quark and gluon modes te low mass )

thcstammm;hmerCDcompu pns. This is & hadrons (9. 10} This smearing A% factorized al- that

challenging undert ine for several reasons. It requires Jowing the -*petmbul""""‘. 74, and the zer0 momen- e

2

JLAB-THY-11-1314
TCD-MATH 11-02
Isoscalar meson spectroscopy from lattice QCD
Jozef J. Dudek, > £ Robert G- Bawards,) Balint Job.! boosassss -
h Michael J. Peardon.? David G. Richards, and Christopher E- Thomas'
ag/spec (for the Hadron Spectrum Collaboration)
! Jefferson Laboratory, 12000 Jefferson Avenue, Newport News, VA 29606, USA
' of Physics, Old Dominion Universify, Norfolk, VA 23529, USA
3gchool of Mathematics, Trinity College, Dublin 2, reland T
We extract to high statistical procision mwiwd:pectnmdiubpnnk.b {soscalar mesons poosanid ool
um\-ltchb.mmdmupinmd.foflheﬁ:ﬂt‘-e,\i‘htmJ"C'_muhr'. D"
mud-mlqwi&ldmﬂmdmh&mhbbduﬂomwmemwmn
of efficiently including " nnihilation contributions- Hidden-flavor mixing angles are extracted 133333380
e -nd-hihmmmwbnndmbedonwmnyﬂ-mmiu&tmmmm%ldmc
— uﬂxiuinkhep-euducdﬂmd.xinlm'hlbnwﬁhupnw.mexmicl isoscalar i} 0,
8 m.ppunnmm;dnmpn-bhwmmtmmwu
’8 Introduction: Mesons which have all favor quantum JPC with typically low statistical precision {3-5]. Glue-
8 9 e gero, known as isoscalars, form a par- ball studies, which produce jonally clean spectra
- ticularly interesting sector of QCD, the gauge-field the- in the quark-less Yang-Mills case 6], become challenging /) = 0.158%(30)
e\ o{quuks.ndglm Theycnnbcconstmdndﬁom in Dthmnshsuongcou wthequuk-edum.
quuk«muquuk pairs of any flavor of even from states In this letter present meson spectrum
' of pure glue. and in general the QCD eigenstates will e for a single choice of light and strang® quark masses, lat- ) = 01025
_‘3 sul o' s of these possibl basis states which mix  tice spacing and volume across multiple J7¢ excluding o-e
é. through quark n. By studying the spectrum the 0F 1 case which is of sufficient interest 0 justify &
5 and hidden-flavor content of isoscalar we can in-  separate publication of its own. This extends the work
= fer a ofanmhnauoudynmmeCD reporwdﬁnls.ﬂ rmuxandhonkmmu
— Empirically it is found that many low-lying soscalar  Sdvantage of many of the techniques .
o mesons come in identifiable pairs with a strong prefer- Lattice technology: We compute the spectrum of Yo
> ence for ideal flavor mixing: prominent examples include jsoscalar mesons using & basis of operators of the form cipal
g O 6 where the admixture of |s3) into the ominantly 040 = -3;(nr:‘u+ .n‘:‘d). O4(t) = ATs, where & (i or-
N o (lut) + |dd)) w estimated to be below 1%. Sim-  d, and s ar¢ the up, down and strang¢ quark fields, and Mf.‘.': ]
o ady the tensor mesons, £2(1270), 13(1525), where {he the I'{' are operators acting in space, colot, and Dirac _mb::'l
C\i lighter state deuy-dmaﬂmurdy into nx and the heav-  Spin space (10} on a time slice, t- We combine these P
o jer into KK suggesting mixing of at most 1% [1). There operators to construct two-point correlators of the form
S are notable exceptions to the dominancs of ideal flavor  Cap(t'.0) = (qq(y)og (1)10) which, after integration
— mixing in the mﬂaﬁﬂmﬂm~"'hﬂ1m¢ o(theqwkﬁdds-csnbeoom from connected com-

J. D
ud:;'( et al. [Hadron Spectrum Collab
ys. Rev. D 83, 111502 (2011) =

QNP 2024
Zachary Baldwin

2.5 GeV

2.0 GeV

Introducti
uction / PWA / Moments / Conclusion

EXOTICS

Exotic Hybrid

O

Uu !

Glueball

/'7[

= o
[ EEIE

N ++



LOCD calculations provide

Introduction / PWA / Moments / Conclusion
insight into 1™ state
decay modes

p—

.
L
L
L
)
|
L
L
*
\
|
L
L ) 200910034 \
I Jl.:éilv"iw-'zilmm -
in QCD
Decays of an exotic 17 hybrid meson resonance
L
-

1.9
. David J. Wilson

G. Edwards 21 Chistopher E- Thomas." 204
1k 2.3 Robert G- ’ oration) . WA, UK
Antoni J. Woss,! Jozef J- P (for the Hadron S ical smwu‘?hwubdm Roo! 'Nf:,:w;:g;-”‘z:’g“

wersity of Cambridge, Centre !“pummmazhom Jefferson “7",,.;‘:;,.,’1..,,, vA 23187, USA
1 DAM;TP. Uﬂws": : ww Coucyl o of William and Mary,
Thomas, Department of Physics, (Dated: 22 December 2020)

ha Spec We present the first determin

h
resonance in lattice QCD Worki with sU(3 flavor symmﬁﬁ’)’ where the up. down and strange

1 s
1 joon; ”[(xm[

8
i 1 hich shows relatively T000] ,6’:"“0]
to A MAIrow .
y vector— eudoscalar and
;ﬂapoladng\ﬂlﬂww_ r—pe vecwwcw‘dﬂc"'
plane, we f
to the open

lJ|q||l|2|

pseudoscalar i oct -puudol‘llll channel. "
weak ings ast one \dnemntl’mny ial- :.-; a broad b von ._(mu_

annels, but large couplings to at le lings to ph 3 -quark Secays into i, #T 0w -
ye ! v o simple extrapolation of the o x mode with much smaller tal 1 (1564)
A .;. ing domi .lv:hron;;hth;‘\ h smen candidate

tal width is Pm"“ny &

and nw. A large 1o

5 m"“):mu
pressed decay channel -
A e, 7, which % suggest may be beavily - fcepio1) appERTS .
state, state .
state (labelled M “”ﬁ:,ihem 15 GeV. A "'mﬁ'ﬂu.m
L INTRODUCTION with a w;ﬂ"’mw‘ een for these models w&rx;: fpnd S
pas been the subject of ?"k,,d;an?eom for the decay p:: ﬁmm” o that can decay
gut punt® The com&@u:n &m"‘lmm for many decades.  Lpiop, we exm"f o Hlaving wm;y“ﬁmlfgg
an could be into several ily pol
am u experimel & ) o majority of mesoms SOV L e quark- m{l:mch fina) states are more hea¥
mnorlcl“k)'vm odel picture where they mle \ong-standing o
in & quArk There are some nof
antiquark pair (9@)-

1-
A folklore has deve
K. analyses final-state by ﬁﬁ‘;::“mi 1s in which the hybr:;

mesons, and e ::f oped., largcy fomm:li breaking of an \ “:ﬂgtt\:mt
such as the light m;;:me observation of a number decay proceeds ‘:y through conversion of 8 SO
has been challenged BY E P, oy and bottom seclo  of gluonic X B ) Spere decays featuring
unexpected stmct\“:: :n contain constituent ﬁ“:’: gluon to a 49 pair

In pﬂmiple meso QCD allows for z
but whether

tions beyond 4d:

. t gluon pictures,
n ikely (14]) or constituel
bert nercasingly unlikely D)
et becaiae Fh e gluonic feld allow for = g yet to be
potentially SUPPRCL 't a gg system: TheC
combinations ot serve

—
g
s
[«
(o
ﬁ
—
S litude
lary which perform amp
eful expcﬂm“
% to fit into this ramework,  So0 . by
: ppear
=, exceptions that domeLs
(@
>
ﬁ
g
-
(@)
2
N
2
>
=)

<What percentage of 7, Is expected In ;7(’) i

nj
ined largely on the
The experimental fot;‘:ﬂ h_;‘:;m:u been quite con-
‘e o p . m m'
= bserved , and ‘mostly considered
signature that 8 mv:y;:i"b“ w“ ::. feature ‘ngfg fased (15, 16) ‘,:‘:,‘,’ﬁu”i?;m wmch;m the mv;e:;
ggmt \4 edi t - nnprecedﬁ
S 1ongs::;":‘: but until mmg wwc:::ccﬁon o % a:: gﬂtiplid““‘ Recest d‘l‘i.:ﬁmm picture [17):
e only within modes MR L) pictures 812 ca rom COMPASS POVl eV appears 10
o 200 g il o, om0 S 1 A
Jike the flux-tu m_nil that hybri ; mal Jlts are similar res-
y agree P P pc differ in V. These reswiis . as two
gluon nw'wn;‘; ome with exotic J W ‘hﬁc -+ 1600 )l‘i‘; ts which wue:ii‘th P here being some
the mew: spect '\ feature is that typically & in ear! :—"‘P""(l moim)e!and "‘(lm)@we in the pr final
dan ?\utha evidence for the heavier ipac
S
state. . MPASS data by :
Of '-he CO in
+ ajwossfidamtp.cant ac.uk A recent ;‘-;lmmy!“ conclusion (18): the wzeb::::;ms !
" dudekBiiabore comes 10 8 tually due to a single resona!
A :d;‘:o:\.;ndmnp-cﬂm“:;“ '
4 1) wilsonTdamtp.catm 8¢

A. Woss et al. [Hadron Spectrum Collab],
Phys. Rev. D 103, 054502 (2021)
QNP 2024 ol
Zachary Baldwin



LOCD calculations provide

Introduction / PWA / Moments / Conclusion
insight into 1™ state
decay modes

p—

['./MeV
mmr10->1
nr|0—-12 T i =
bz | 139 - 529

Wbt ET
adek,23:! Robert G. Edwards,>"* Christopher E. Thomas, ! and D! dd 1.
Antoni J. Woss,}+ Jozef J. Dudek, (for the Hadron Spectrum Collaboration)

) Cambridge, CBS 0WA, UK
Sevences, Wilberforce Rood: 606, USA
N ) Centre for Mathematical Avenue, Newport News, VA 23606,

\ pAMTP, University of Cambridge, ity 12000 Jefferson Avenue, 87, USA

DA 2 Thomas Jel Facility, /=" 4 Mary, Williamsburd: VA £31

ation hadronic mm R 1
i f the lig =
resonance ination, °f S0 flavo! vt he .dovlnnndstnnge
ha spec W P b ma::D%u with SU(3) r symmetry, where tv\n:‘:n. D e
in M!Wmm-;dy match the physical m'm;e-quﬂk mass .g;u o e e i
ﬂ.nh;f:ume spectra on Ex htti‘ce volumu w:: ﬁ;m.mpumu i T nersy
::nw:;:pled channels. Aulyti;_cdly continuing the sc ey

1 £
1 joow; iaon]

shows relatively ‘uoo“”?mn]
oW Tesonance tooal |
| we find 2 pole singularity corT™ m’l n:;, - pseudoscalar nnf‘veﬂ‘" vectot d‘“"’] -uﬂﬁ:zl
- to the opetl ¥ to at least one ununnthnny—fhlﬁd mnl-‘ﬁc':“l — broad T vou: Tivon)
(o channels, but 1ar® wp':f:‘m of the couplings ° physical light-d ler decays into Jam, 77 % n
5 A doc .ya:: sormimantly through the bi¥ 108 ith T eeperimental 71 (1564) caot e
ce : tially in agreement W
2 and . A large o] :i:t‘;ﬂo’::m-t e haavily suppressed decsY channak- pr
state, obser ved in 777 71 % =
i in-1) appears Mo
2 m(labe\)edmm“the“mmwv A) P et b2 Moz
CTION N here above 15 GeV. A par
N 1. INTRODU with & mass SOMER T e models to provide reliable "
a subject of challenge bas betn decay properties of hybrid mesons. L
punn L mpm-uondh.momhsmthe ¥ predictions for the deca¥ P ces that can decay
| | | | a u = The o d theoretical studies for many decades. which we expect to 2l e mommc advance knowledge
[ | W experimental 80C KL ¢ mesons could be understood L overal final states- Having =0 ted in their U
-& Historically ‘f‘.;'{‘;&nmye N ere they consist of 8 QUATK" ¢ qyich, final states 270 more he:i';‘g :;‘f’::; amplitude i
i - ful ts W
D qu‘:;tpt“ (qq)- There are S0MC sotable mﬂ decay is ot ﬁn:l\-ntm A folklore has devel-
2 antiquask pa {0 1 appear to it into i ety it final-state by fn hich the bybrid e
uﬁp; the light scalar mesons, ore b:; of oped: largely f°“°"'mli :m of an oscillating tube e
(& ::u been the am: g‘ot.ton;ﬂem" decay PO i ;mu conversion of & constituent
> un od structures in the charm t combina- of gluonic fux §-13), where decays featuring only the «
ﬂ- ]npimmplemm“‘mw CO::]'-‘;W\:"?O' h ar- gl\mn‘O‘qu‘ﬁ:}eprr ,mﬂfl—’m"f“'p" [o11]
€ ions beyond gd, but whether D allow s in both  HERCE, which include a more excited badron 2
8 rangements continues to motivate m]v&::m is on hybrid while decays uch as m —* b Whether these results
=,  theoryand mﬁ?:mk pair is coupled to '::: ma“yt;'ﬁmture of QCD, or wﬂ""-;;‘;‘ﬁ:@w\o‘z: 001
: mesons in W A are an at- i _tube (a picture ¥ A
5P uonic field. Such states ilt into the flux: tul . ures,
g = e,:muxaofmmem the additional quantus ’;“““‘j?f:‘: B ereasingly uniikely (14)) oF constituent ghuon Pict
[ B oty e the gluoic fekd allow f0r =0 g yet to be eSEBTEE
Ty — R oy o e R R I
1 > ?;%b_, prsprs 14,27 as a smoking-gun The ntal f:ch‘:apictm has been quite €oB-
.t = i ' el state has been observed. P i .
", signature that & novel feature of QCD  £L2 3115 16]. Analyses hate WO o) lowes
t h mesons are & T (15 have the v
> S B e T e SN 17 80 e s
only Wit whose CONDES ible m ‘ jeture
B ( ) 7T | . 7] I < | 70 i e e L e, i O
bag
721 — N7t ~ e

clearest pi :
. P \
. near 1400 MeV appears to
" modél, the model, & § ahmadhuumnlpenkiﬂs s g near
e ronche genraly sgre bt S form art oLy oty with 820U 2 in 17 e baerved
the meson spectrum. some ‘}’i'hh:x‘?y‘;“:my' :hﬁ:c —1-+ 1600 MeV. These resuis
details. A is that

experimen which interpreted a8 two res-

e ] innmeulia - 20). :‘i‘th there being some

- ,(1400) and 7,(1600), re being ¥
?urther évidence for the heavier resonance i pm

+ ajwossfidamtp.cant ac.uk

t
;e ‘recel!t analysis of the COMPASS data by JPAC
$ edwardsfjlab.oré

/
B ( 71-1 == ;,]/ ﬂ') > 1 2 > B (ﬂ ] == 77 U ) S 10 % A. Woss et al. [Hadron Spectrum Collab],
Phys. Rev. D 103, 054502 (2021)
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HOT OFF THE PRESS

A.Fzal et al. An upper limit on the photoproduction cross section of the spin-exotic 7,(1600), arXiv (2024)

S 9000E * o, , S m ,0
t — 250 — N
= 8000 Ny _rPTm R b 2 +H## VP P
o ¢ —— GlueX-1 Data Qo -
 7000F N 500k * G
&z + a, MC Projection 2 200F +# “ LUE
% 6000 . MC Upper Limit % E # H S
D 5000 ‘ 5 150F } Hﬂ# Preliminary

4000
3000
2000
1000

100

~,  Preliminary

e 50F

Vet

a1
1.0 1.5 2.0 25 1.0 1.5 2.0 2.5
M(n°) [GeV/c?] Mn'n®) [GeV/c?]

- Based on upper limit 7, cross section wzr

- first photo-produced upper limit cross sections of
spin exotic candidate

- Projection of 7; — ;7(’) 7" upper limit

A. Woss et al. [Hadron Spectrum Collab],
Phys. Rev. D 103, 054502 (2021)

- uses strong a, signal measurements as a reference

Further overview: A. Austregesilo — Tues. 9:40 am
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- JPAC analysis utilizing COMPASS data

- extended with pp data
B.Kopf et.al. Eur. Phys. J. C 81, 1056 (2021)

. Coupled channel fit to both 1" 7 systems

- also described the dominate a, meson

3.

2.
3
g
g
$ 1.
w
0.

Mass (GeV)
A. Rodas et al. [Joint Physics Analysis Center], PRL 122, 042002 (2019)

= a,(1320)

— a,’'(1700)

—  0.108 - 71‘-1 @

— 0.110F
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- JPAC analysis utilizing COMPASS data
— - extended with pp data

T \ U B.Kopf et.al. Eur. Phys. J. C 81, 1056 (2021)
-L - Coupled channel fit to both 7’](,)71' systems
() - also described the dominate a, meson
|_ 4.5x n'x D-wave
120 4.0
> 100 ; 3 3F  a,(1320) a,’'(1700)
P 1320 m P ’
@ 60 15 18 17 18 19 g 20
i F
4 20 05 4 ’7
P P 0 00, . . o
08 10 12 14 16 18 20 08 10 12 14 16 18 20
Vs (GeV) Vs (GeV)
_ E a,(1320)
Use domlnant d2(1320) :2 é_ a,’ (1700)
as reference signal for the o E  oof ) <y
. _ é 03 = o.11o§:
7, exotic hybrid search £ e ol
® - ol
=St S
0.7 ;— | I | | | | I l | ] |
1.2 1.3 1.4 1.5 Mo SS‘I .(GGeV) 1.7 1.8 1.9 2.0
A. Rodas et al. [Joint Physics Analysis Center], PRL 122, 042002 (2019)
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Experiment Details Introduction / PWA / Moments / Conclusion

- designed to reconstruct final state particles from yp —» pM

- 4 polarization orientations . )4 ;/](’)
- GlueX-I collected [L = 125 pb~" in coherent peak E X
= 0
- GlueX-II ~ 3-4 times more Forward Calorimeter > g JT
Time-of-Flight = %
Barrel Calorimeter = w, P, -
QS
Start g
Counter T /\\
QL
Target p p
sz _"'|""|""|""|'"'|""|""|"':
Photon Beam 8§ MF % ? 3 0°() E
® [ ,:# : §90°(1) E
Tagging 2 %3F #' ﬂ § -45° (1) .
Magnet NP Forward Drift % 0‘2: i : : * & 45°(1) E
" Chamber s : h -
Elect S S 1 aﬁ :
Be:a:zn Central Drift 01F 5 5 ﬁ ﬂ* ﬁi 1 ﬂ H'l ﬁ .
{\ Chamber 0.0 :_ E peak E # Eh
\ \ \ or polarization l
Solenoid o . 1.5% Systematic Uncertainty

Radiator 5T

8.0 8.5 9.0 9.5 100 10. 11.0
S. Adhikari et al., NIM A 987, 164807 (2021) > E [G EV]
Y

ueX- :

QNP 2024
Zachary Baldwin




Introduction / PWA / Moments / Conclusion

Line R
: Y polar; y
04 1Zzeq
a = O

P/(®) = (1, — P,cos(2®), — P,sin(2®), 0)

T(Q,®) = T (Q) — T ,(QP,cos2®) — T (Q)P,sin(2P)

V. Mathieu et al. [JPAC], PRD 100, 054017 (2019)
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- Describes all two-psuedoscalar systems ( i.e. all n(’)ﬂ)

+ New basis — Z"(£2, D) = Ylm(Q)e_iq)

frame

- Described by 3 angles: c0Sd,() | i, the resonance
¢;7(’)

()] = btw the polarization

and production plane

» Reflectivity corresponds to exchange being V. Mathieu et al. [JPAC], PRD 100, 054017 (2019)
natural ( ) and unnatural ( — 1) parity

» 4x more amplitudes than hadro-production

p) 2
=> T(Q,D) = ZKZ{(I —P)| Q1) Relzr@, )| + (1 =P)| Y 111 ImZ"(Q, ©)]
k [.m [.m
2 2
(L+P)| ) 115 RelZM@, )] | + (L +PY| Y 11, sm[Z(Q, ®)] |
I,m [.m
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0.1<—-1 <0.3 1 Not acceptance corrected
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Semi-Mass Independent PWA Introduction / PWA / Moments / Conclusion

- Assume a,(1320) and a,(1700) are text book Breit-Wigner resonances

- share only 1 common phase parameter for each inthe D, .

- S, contributions more complicated

- define mass independent piecewise parameterization

 Individual fit results across —7¢
- coherent sums of ( +) and ( - ) reflectivities

0.1 < -1<0.2 GeV? 0.2< -t<0.325 GeV? 0.325< -t< 0.5 GeV? 0.5< -t<0.75 GeV? 0.75< -t< 1.0 GeV?
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Semi-Mass Independent PWA Introduction / PWA / Moments / Conclusion

- Assume a,(1320) and a,(1700) are text book Breit-Wigner resonances

- share only 1 common phase parameter for each inthe D, .

- S, contributions more complicated

- define mass independent piecewise parameterization

- Decent agreement between JPAC predictions
- systematics finalized — Publication in the works!

— 04—
o _
o (> - TMD predictions
3 8 - ~ E,=85GeV
0.3 i ¢4+ Pos. Ref
@) ‘:'5 i ¢+ Neg. Ref
o B 3o GlueX Phase 1
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0.2 B . Statisitical Error
: GrusX-
— Preliminary
0.1

081 02 03 04 05 06 07 08 09 1.0
‘ QNP 2024 / -t Ge V2 -
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@at can moments provid@

- Decompose angular components into spherical harmonics

* No direct access to partial wave amplitudes

Unnormalized Moment Value

1.5

X
—

- determine sensitivity to exotic contributions

- BUT vice-versa — can calculate moments from partial wave

H,(4, 4)

—eo— MC Real Part

o
w

Illlllllllllllllll

| 1 |
M
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b
uy
_|..|_

lldllllI

— True values

GLUEXW
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Unnormalized Moment Value

Introduction / PWA / Moments / Conclusion

H(4, 4)
T —¢— MC Real Part
g + — True values
: !
: GLu Ewi
E— Preliminary
- 7

Unnormalized Moment Value

H.(4,4) contains clear a,(1320) signal

10° H,(4, 4) —e— MC Imag Part
f — True values
';_—_i.*—ii;-ri*- """ .
3 * T4 Eiry
: _ 4
:—+ ? G'—UEXWW
E— — T Preliminary
5 | | | I | | | I | | | I | | | I | | ]
1 1.2 1.4 1.6 1.8 2
m, . [GeV/c?]

Monte Carlo Input-Output for 77(’) 7’
— synthetic acceptance applied 14



Introduction / PWA / Moments / Conclusion

Summary

» GlueX has collected large quantity of photoproduced data

- strong effort to look for exotic hybrid 7; meson in ;7(’)7: systems
using partial wave and moment analyses

?

- recent results extract a, cross sections in multiple channels which
will be used as a reference signal — Publication in the works!

- can analyze production mechanisms using polarization info

Future Work

- Further analyze both neutral and charged n(’)ﬂ
- extract a, cross section

E
PHOTO PRODUCTION

\

e

Exciting time for exotic hybrid
» Continue strong collaboration with theorists search at GlueX

- work with JPAC on coupled channel fits

- perform cross checks with other decay modes

GlueX acknowledges the support of several funding
agencies and computing facilities

% gluex.org/thanks
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Cross Section definition

N produced — o~
= = —NObS
B ioi€1otZ
L> : Gtag X €n0n—tag
— ggaz—mor/ X ggn_ﬂzojﬁﬂ—
(0.145) (0.2302)
| Y |

() ()

€n0n—tag Gtagg

 AmpTools calculation from “hybrid” fits

QNP 2024
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X A

V= yy
(0.9882)

« Calculated to be
~ 107.2 pb~!

23



Moment definition

3 a Linearly polarized
1©.9)= ¥ 7,08 @) ) |
=0

P/ (®) = (1, = P,cos(2®), — P,sin(2®), 0)

T(Q,®) = T (Q) — T ,(QP,cos2®) — T (Q)P,sin(2P)

V. Mathieu et al. [JPAC], PRD 100, 054017 (2019)

Decompose intensity components into spherical harmonics

= 2L+ 1
7,(Q) = Z\/ 4+ Hy(L, M) Y] ()
LM 4

= /2L +1
L,,(Q) = - Z\/ 1 Hy»(L, M) Y"()
LM &
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Moment definition

3 a Linearly polarized
1©.9)= ¥ 7,08 @) ) |
=0

P/ (®) = (1, = P,cos(2®), — P,sin(2®), 0)

T(Q,®) = T (Q) — T ,(QP,cos2®) — T (Q)P,sin(2P)

V. Mathieu et al. [JPAC], PRD 100, 054017 (2019)

Corresponding moments:

T,@ = H@m=-

J dQJ' dO T (Q,D) V" (Q)
AT 47 —TT

COS(2D)

1 g !
II,Z(Q) = Hl,Z(L’ M) =— P \/2L+1 J4 ds2 J dd I(Q, (D) Yy (Q) X { SIH(ZCD)
y - —7
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