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Photon as a probe of structure

Historical perspective:

0 Hydrogen atom

0 Nuclear size, magnetic moments

0 Nuclear structure, dynamics
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Nuclear structure from photon scattering

R. Alarcon, A.M. Nathan, S.F Lebrun, and S.D. Hoblit, PRC 39 no. 2, 19809.
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FiG. 1. Measured spectra of scattered photons from “Mg,
%1, and *% at 21.5 MeV incident energy, The curves are the
results of 4 two-peak fit 1o the data in order to separate the
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FIG. 3. Elastic and 2, inelastic cross sections at 135" on agi,
Also shown is the ratio of inclastic to elastic scattering. The
curves are calculations based on the dynamic eollective model.
The solid curves assume that “*5i is a spherical vibrator while
1he dashed curves assume that i is an ablate rotor.
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- Hadrons at rest in QCD

Most of what we know about hadron structure:

01 Nucleons (or collections of them) at p << m

0 Heavy quarkonium at rest
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Starting Point: the hadron mass spectrum

Consider QCD with only heavy quarks:

the only light mesons are glueballs Vo(QQ)
2.0 T T T T T

(GeV)

qq mesons have the conventional
positronium low-energy spectrum

glueball decay threshold

1.0
spectrum is distorted at higher

excitations by a linear potential

for r > 0.5 fm a tube of gluonic flux oo
forms between g and g

e C

This corresponds to the NR quark model

0.4 0.8 1.2 1.6
r (fm)
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Starting Point: the hadron mass spectrum

L]
Consider QCD with only heavy quarks:

“ gluonic excitations give rise to
new potential surfaces
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Normal vs hybrid mesons in the flux tube model

excited flux-tube
m=1

1+torl*

ground-state
flux-tube
m=0

CP = ('1)L+S (-1)-+1 S=0, L=0 S=1, L=0
= (_1)S+1 J=1 CP=+ Jj=1 CP=—
JPC:1++’1-_ JPC _ O'+ O+—

(not exotic)

>
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Challenge: extrapolation to light quarks
A

O Does the flux-tube picture still make sense for light quarks?
— | O quarks are relativistic
o Fock subspaces mix (qq, qqqq, ---.)
—>1 [ excited mesons are unstable (decays)

o gluon fields modified by dynamical quarks (loops)

=1 Accounted for in quenched lattice studies
— Requires unquenched lattice studies, advanced methods
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Recent progress: LQCD spectrum @ m =700MeV

I
J.J. Dudek et.al., arXiv:1004.4930v1 (2010)
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Survey of LQCD results for lightest exotic hybrids
I
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Challenge: extrapolation to light quarks

1 Does the flux-tube picture still make sense for light quarks?

— | © quarks are relativistic
0 Fock subspaces mix (qq, 9qqq, -..)
—> O excited mesons are unstable (decays)
o gluon fields modified by dynamical quarks (loops)

0 Can experiments actually observe exotic states?
0 resonances may be broad — difficult to observe individually
o configurations mix — exotic identification may be ambiguous
0 hybrids are embedded in a continuum of lighter 2-meson states

m qq selection rules do not apply to 2-meson states

= strong mixing may occur

=1 Accounted for in quenched lattice studies
— Requires unquenched lattice studies, advanced methods
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- Exotic Mesons

1 Most of the attention is focused on 3 observed states:

o T;(1400) —seen in NTT E852 Crystal Barrel

o T4(1600) —seen in PTL, f, T, b, T, N’'TT GAMS VES E852 Compass
o T(2000) — seen in f, TG, byTt E852
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Experiment: TT,(1600)

from BNL-852

Mass = 1598 +8+29-47 MeV/c?
Width = 168+20+150-12 MeV/c?

Partial Wave Analysis
1,(1600) ->pm

TP->TITITP
(~250,000 Events)
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Experiment: T, (1600) from BNL-852

Partial Wave Analysis
Mass = 1597+10+45-10 MeV/c? (~6000 Events)

Width = 34044050 MeV/c? S1o'l N
- 8
§1 03 }_ \‘;imf[_'_
np - r]’Tl‘p E 00 10 20
0 It| (GeV/c)?
_ 1500 ¢,
{ ®
The exotic wave is the é“"’“
dominant wave in this 2 5 ﬂ
channel. 2 ) NIy
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Experiment: T, (1600) from Compass

Mass = 1660 MeV/c?
Width = 269 MeV/c?
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Photoproduction

J All experiments (except CB) used pion beams
) CB was a little too limited in mass reach to see 1.6 GeV

) General features for spectroscopy experiments

= requires detection of exclusive multi-particle final states

o requires large samples (~108 in one exclusive channel)

= requires good acceptance (uniform and well-understood)
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Photoproduction vs pion production of hybrids

excited flux-tube
m=1

1*orl*

Quark spin argument:

Initial state pion has S=0
quark configuration
may preferentially
form non -exotic hybrids
| S=0, L=0 S=1, L.=0
>

J=1 CP=+ J=1 CP=—

Initial state photon (p,w,®) JPe=1+1- JPC = O'+
has S=1 quark configuration

may preferentially (not exotic) exotic ,1+'
form exotic hybrids T
;-
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Photoproduction: role of beam polarization

Gottfried-Jackson frame X
for XwithJ =1, RwithJ=0

photon exchange particle

L=0,1 0r 2 N N
R, =P, [P [(-D)"

Suppose we want to distinguish the

exchange: 0 *from 0- (ANfrom AVY)
For circular polarization:

photon V = vector O With linear polarization we
can isolate AN from AY
IR) ﬂ m=1 ﬂ AN + Al
Q Circular polarization gives
access to their interference
L) h m= -1 h AN - AY

Nucleon Structure and Electroweak Precision Tests: Past and Future, Champaign lllinois, May 19, 2010 19



Search for gluonic excitations in meson photoproduction,

and map out their spectrum.

Covers mass region up to 2.5 GeV/c?

Linearly polarized photon beam 8.4 — 9 GeV
Part of the 12 GeV Upgrade of Jefferson Lab
GlueX collaboration: 40 physicists, 10 institutions.

Current spokesperson Curtis Meyer (CMU)
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The GlueX Experiment www. gluex.org

LEAD GLASS
Q@ GeV gamma beam DETECTOR

BARREL
4 MeV energy resolution  CaLoriMETER
high intensity (10° y/s)

linear polarization

COHERENT BREMSSTRAHLUNG
PHOTON BEAM SOLENOID

NOTE THAT TAGGER IS TIME OF

80 M UPSTREAM OF TRACKING FLIGHT
DETECTOR
CERENKOV
COUNTER

TARGET

12 GeV electrons are required In order
i to produce a 9 GeV photon beam with a
~ significant degree of linear polarization

. ELECTRON BEAM FROM CEBAF
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The GlueX Experiment: 9 GeV photon beam

The coherent
bremsstrahlung
technique provides
requisite energy,
flux and polarization

Incoherent &
coherent spectrum
40%

polarization
in peak

flux

photons out

collimated

electrons in

I = T T 1 | [ T 1 | T [ T | 1 1 T | T 1 T 1 |

12 GeV ;w' N L | AL R O | I o L | o 1) 3 | | WY |
electrons / e ] B & 8 9 10 11 12

J photon energy (GeV)
diamond tagged

crystal with 0.1% resolution

spectrometer
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Coherent brewsstrahlung beam contains both coherent and

incoherent components.

Only the coherent component is polarized.

Incoherent component is suppressed by narrow collimation.
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Photon tagging detector

e 1.5 T dipole, 6 m long, 30 mm pole gap

o Deflects electrons (13.4°= 12 GeV) cintillating fibers
e 190 Hodoscopes: scintillator + PMTs (12 m long) read out with SiPM’s
— 3-11.7 GeV
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Photon Tagging: an lllinois legacy
]

WUCLEAR STUDTES WITH TAGGED PHOTONS Nuclear Physics with Electromagnetic InteractioRsoceedings
of the International Conference, Held in Mainz, any, June
Peter Axel 5-9, 1979. Editor: H. Arenhével, D. Drechsel, Leetotes in
Uniwersity of Illimols ac Urbasa-Champaign Physics, vol. 108, p.256-265

This paper will be gubdivided into three parts. Firsg, the photon tagging tech=

algue will be described schemacicnlly, amd a brief hisEary of photon tagging will hae
glven, inclwling

In the accond
part some typical eperating conditions will be indicated for our tagged photon facil-
ivios at Illinods. The photon £luxes and counting rate asatimates that are given are
sposiated with the use of a 108% duty cycle electron beam such as we hive had from
MUSL=2 (Microtron Using a ‘Supercomducting Linac) since 1977. The electron energy is
variable up to the maxlews encrgy of 69 MeV chat we have obtained with & b traversal

Fig. I Schematic Diagras of Photon Taggping.
An Incident 20 MeV elocteon besm Ll shown o=
cident on a thin converter. The spectrometer
is st Lo Cramgport & 3 MeV olectren to a
decector in the focal plane o that each
such electron ammounces the tagging of 15
HeV pamnma ray. #About 99% of the electrons

de not emit & photon) they are bent by the
spectrometer S0 that cthey separate from the
photos beas and arve In the "moin heam" shown

in the upper Left part of the figuea.
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Diamond radiator requirements: mounting

temperature profile of crystal Heat dissipation specification
at full intensity, radiation only for the mount is not required.

OC_

508.1 _:
508.09 _
508.08 _:
508.07 _

508.06 _

508.05 - 4

translation step: 200 ym horizontal
25 um target ladder (fine tuning)

diamond-graphite transition sets in ~1200°C  rotational step: 1.5 prad pitch and yaw
3.0 yrad azimuthal rotation
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Diamond radiators for GlueX

Assessment with X-rays
at the CHESS light source

X-ray CCD

29 camera
diamond crystal = T
1
0.8/
: 10 pr FWHM
206"
2 |
Q |
E L
0.4¢
0.2
ol
375.1 375.15 375.2 375.25 375.
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Future Outlook

d Will we ever
achieve this for
multi-meson final
states at 2 GeV?

1 Tagged photons
provide a tool with
the potential to
move us in that
direction.

P.T. Debevec et.al., PRC 45 no. 3, 1992.
Photodisintegration of the deuteron @ 70 MeV

10.0 |
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28 T
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g. _ of proton (deg)
FIG. 7. Comparison of the presenl data with Lhe CMR Tull

calculation (JA4+MECHRC) (sclid line), semicomplete CMHR
calculation {IA4+MEC) (dashed line}, and basic IA calculation
by UMR (doited line),
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