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GlueX

|

[1 2 GeV electron beam — 9 GeV linearly polarised photon beam (or higher E with lower polarisation) ]
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[ meson spectroscopy ]

[ﬁrst dedicated photoproduction meson spectroscopy experiment ]

[one motivation is the search for exotic quantum numbered mesons ]

[experimentally see no mesons with isospin > 1 or |strangeness| > 1 ]

chiral symmetry breaking in various QCD-like

motivates constituent quark model - mesons as ¢¢ bound states : :
models suggests such quasi-particles
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[ hybrids

|

g

\

one simple way to get exotic quantum numbers is by adding a gluonic degree-of-freedom ]

\

we know that strongly coupled glue can behave non-trivially : ]

[pure glue theory (Yang-Mills) ]
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[ hybrids ]

[excited gluonic field in presence of quarks called a hybrid meson ]

[Iattice QCD calculations seem to indicate their presence in the spectrum ]
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[ hybrids ]

[excited gluonic field in presence of quarks called a hybrid meson ]
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[ hybrid decays ]

[obviously we'll seek hybrids as resonances in multi-meson final states ]

some ‘easy’final states: M — 71N, TN, TP ... ]

\ S \

D

some more complex: bo>—mas ... ]

[hadronic decay models tend to suggest that high multiplicity final states are preferred ...

[e.g. mo=mtb =2t mow—=ntn® mtmmo—->ntntmyyyy ] three charged and four
uncharged particles!
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[ event-based analysis ]

[data description on an event-by-event basis ]

[the exptel data is not corrected for the detector acceptance, the theory is ]

[very simple example: ]

+ amplitude =
[ 2 OGSWCPGS n |
E E : V:L ( S, t y S )
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l - - reach event is a set of particle 4-vectors 1
p t p determining s, t, Sum, Bc), Pa)
just one possible handy (complete) [ Vi ]
set of kinematic variables \ )
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05]

[bin events in small regions of (s, t, Snn) ]
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[ maximum likelihood ]

[in a given bin of (s, t, sin), define a likelihood via a product over all events (r) in that bin ]

_ N -, =
e n(kr)I(Kr, V)

— Poisson — .
— 2 (R (R
stats. [ /d"? n(K)I(K, V)

£:
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[ pion beams
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[ pion beams

|
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[ higher multiplicity analysis ]

[starts getting increasingly model dependent - common approach is the isobar model ]

decay amplitude

[e.g.np—mnnp]
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[parameterising the]
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1 1 1 ¢ M¢ L Isob: Threshold [GeV/c?
isobar model application [Compass m Pb—m 1 1+ Pb ] d Sobarx Thresheld [GeVie™
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model contains sufficient angular dependence
to pull out e.g. weak high-spin waves
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[ isobar model - phases ] [Compass m Pb—mmntPb ]
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[ isobar model problems ]

®
1
JP Z ® ] TK{S(S&U 523, 513) — CZS(SS?T)]D) (323) X ...
ap)
: :
®

rsuppose only (13), (23) interact strongly] Cis(s3x)  Cos(s3r)
\ Ul Ul

_|_
D13(s13)  Dag(sa3)

Fiso. (837,513, 523) =

& ignore multiple channels J — ¢ — s = ( ]

\

S |s ] S |5 |
[butmoregenerallywecan have] F(s37,513,523) = $13(537 {813 P23 (537 [S23)

D3 S1T Dos(s23)
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[ isobar model problems ]

¢13(837,513) . P23(S3r, S23)
D13(s13) Do3(s23)

[but more generally we can have ] F(s3x,513,523) =

[Z—body unitarity in the (23) channel = ] ¢23(3;3, S3r) — $23(S23, S31)

) \ , 1 [t $13(813, S37
N<3ab) :2’&p(823>N23(823)§/ d.fl?l ]]?:’)(13(813) )

D(Sap) -1

Sab [¢23(523) needs a discontinuity in 53! ]
+ f , . . aa
.iab isobar model doesn’t have this - violates unitarity
2M 05(}) ) ’
“... this is one good reason why the isobar model

is open to criticism, particularly if the phase of

the ¢ functions are important ... since functions
with a branch point have a habit of developing a
varying phase.” (LJ.R. Aitchison, 1975)

\ S

could ‘weak’ wave phases/intensities
be artifacts of the isobar model ?
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[ isobar model problems ]

[but more generally we can have ]

¢13(S37,513)  P23(S3r, S23)

F(s3r,813,823) =
(837, 513, 523) D13(s13) Do3(s23)

[Z—body unitarity in the (23) channel = ] ¢23(3;3, S3r) — $23(S23, S31)

g

M(Sab) =

M(S;—b) — M(sg;) = 2i P(Sab>M(3:b)M(3;b>

N(Sab
]D(Sab

N— | N—r

, 1 [t 513, S31

[e.g. ‘corrections’to isobar (powers of M) ]
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[ 1970’s investigation ][Wyldetal.—U.IIIinois]

[implement the required discontinuity using a K-matrix ] [boiled down to an on-shell Faddeev system ]
[unitary - K]
[rather unsuccessful - fits to mnmm data worse than isobar mode woocl Tt 1 Do ]
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[ 1970’s investigation ][Wyldetal.—U.IIIinois]

[tried a particular off-shell Faddeev system ] [unitary _ Fadeev ]
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[ mass-dependent analysis ]

[usuallyjust fitting Breit-Wigners to complex amplitudes ] [,’ probably not as simple as that really ! ]

[e.g. Deck and related effects ]

[e.g. yp— Tt p ]

NPGM sin 0 ~ Bei5 cos O [HOtBW]
- 1 N'EkE'B’
.g. BW Waingd — /
[eg ] + €' sin é kN?TP/dS o

probably the origin of
* asymmetric p peak
* peculiar a1 lineshape in nirim

\

* 11, mass shift in L1 S and D-waves

J
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[ ba ryon resonances

|

[don’t dominate Dalitz plots at 9 GeV

—/

[but clearly still contributing ] E y
3
S
[meson ‘preferred’ variables : ]
_|_
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10

[can use either for infinite sums ]

for truncated sums, sharp
resonances in ‘wrong’
channels cause problems

. 7
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[ baryon resonances ] Thl B, = 5GeV
il .E?:m [can use either for infinite sums ]
[meson ‘preferred’ variables : ] I:s::imn ( )
n L resonances for truncated sums, sharp
" 0 oxTTh . resonances in ‘wrong’
| z = : channels cause problems
/N @ \ J
I T )
P4
=
»
l /\')\ : 0 F s 8 10 l
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o, 50
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> 50 : trunc.
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[ summary ]

[GIueX plans an ambitious program of meson photoproduction ]

through efficient detection of charged and neutral particles collect data on high-multiplicity end states ]

\

7

analysis plans to use event-based methods - software developed to ‘plug in"any amplitudes ]

\

[isobar model is state-of-the-art ]

rhas its problems ]

g

needs to be determined how robust are weak waves to correcting unitarity ]

\

[mass—dependent analysis is unlikely to be as simple as BW (as EBAC knows well) ]

[more g.n.s in meson sector - less resonance overlap - might be easier ]
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