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12 GeV CEBAF

Upgrade is designed

to build on existing facility:
vast majority of accelerator
and experimental equipment
have continued use.

.
.

&
2 L5
™
l Maintain capability to deliver lower pass beam
energies: 2.2, 4.4, 6.6....
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Topic Hall A Hall B Hall C| Hall D Other | Total

The Hadron spectra as probes of QCD
(GluEx and heavy baryon and meson spectroscopy)

The transverse structure of the hadrons
(Elastic and transition Form Factors)

The longitudinal structure of the hadrons
(Unpolarized and polarized parton distribution functions)

The 3D structure of the hadrons
(Generalized Parton Distributions and Transverse 5 9 7§ 21
Momentum Distributions)

Hadrons and cold nuclear matter
(Medium modification of the nucleons, quark hadronization,

N-N correlations, hypernuclear spectroscopy, few-body 6 3 7 1 17
experiments)

Low-energy tests of the Standard Model and Fundamental 3 1 1 1 6
Symmetries

TOTAL 21 20 22 5 2 70
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e At high energies the gluon 1s externally
observed 1n three-jets events

e At lower (intermediate energies) the
hadron spectrum provides information

about the gluons that bind quarks qaMesons
(CONFINEMENT) o

s|ioegan|9
sSplighH

The L = 0 boxes include
2 nonets each and all others

eThe properties of confinement are them include 4 nonets each
related to the gluon binding of hadrons

D

regular meson

tetraquar!s

N
(6)}
S3|N2B|ON UOSIN —UOSIY

eCan we find a simple manifestation of the :
glue in the hadron spectrum?
Search for non-standard
states with explicit gluonic
degrees of freedom

L=3

o
(o)

nonets

mass (GeV/c?)

;_-
Exotic / 1~ |
— ]

Threshold positions are
shown for the —

Not-allowed JP< = 0,0, |-+,2* ., molecular states

L)

9 o 9 Unambiguous experimental signature for the
presence of gluonic degrees of freedom in
hybrid Mesons the spectrum of mesonic states (qq angular momentum)
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Lattice QCD - LQCD

Tube
forms
DeTween

'J '_’

 ——

-

; .‘.J,W -

Effective Degrees of Freedom
at intermediate energies
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Two of today’s most relevant topics
iIn Meson Spectroscopy:

1) Search for Exotic Mesons

Search for non-standard - outside CQM (hybrid
and exotic quantum numbers) states with explicit
gluonic degrees of freedom

‘Understanding the relevant degrees of freedom to describe hadrons
‘Predicted by several phenological models (flux tube, bag model,...)
*Validate LQCD predictions on hybrids

2) Study of Strangeonia

e Intermediate states between light and heavy mesons
(a bridge to PQCD?).

e Of about 22 resonances expected below a mass of 2.5
GeV, only 7 are “relatively” well established.

e Strangeonia hybrids have been predicted just above a
mass of 2 GeV.

AT ON
'¢ \)f’7 o
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Why photoproduction?
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Status of Hybrid (Exotic) Search

1 (1400) IGUPC) = 1=

See also the mini-review under non-q@q candidates in PDG 06, Jour-

nal of Physics, G 33 1 (2006).

71(1400) MASS

VALUE (MeV)  EVTS DOCUMENT ID  TECN CHG COMMENT
1354 +25 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram below.

1 (1600) 6@y = 17" )

71(1600) MASS

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT

1662 3 OUR AVERAGE

71(2018) /C(UPC) =11~ t)

MASS (MeV) WIDTH (MeV) EVTS DOCUMENT ID TECN COMMENT
20144+204+£16 230 £ 32 £ 73 145k LU 05 B852 18w~ p — wm 7r0p
20014+£304+92 333 £52+ 49 69k KUHN 04 B852 18 p — 7)7r+ T T P
-
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Status of Hybrid (Exotic) Search

G /PCy _ 1—(1—+ . .
m1(1400) e 1T Unlikely Hybrid
Dynamical origin?
See also the mini-review under non-q@q candidates in PDG 06, Jour-

nal of Physics, G 33 1 (2006).

71(1400) MASS

VALUE (MeV)  EVTS DOCUMENT ID  TECN CHG COMMENT
1354 +25 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram below.
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71(1600) MASS
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Status of Hybrid (Exotic) Search

m1(1400) 1°UPC) =17~ Unlikely Hybrid
Dynamical origin?

See also the mini-review under non-q@q candidates in PDG 06, Jour-

nal of Physics, G 33 1 (2006).

71(1400) MASS

VALUE (MeV)  EVTS DOCUMENT ID  TECN CHG COMMENT
1354 +25 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram below.

m(1600) 1°(UP¢) = 1707 %) May be hybrid
Challenge in 3x to
71(1600) MASS separate exotic w, from m,
VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT Cleaner n'r signal

1662 3 OUR AVERAGE
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Status of Hybrid (Exotic) Search

m1(1400) 1°UPC) =17~ Unlikely Hybrid
Dynamical origin?

See also the mini-review under non-q@q candidates in PDG 06, Jour-

nal of Physics, G 33 1 (2006).

71(1400) MASS

VALUE (MeV)  EVTS DOCUMENT ID  TECN CHG COMMENT
1354 +25 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram below.

m(1600) 1°(UP¢) = 1707 %) May be hybrid
Challenge in 3x to
71(1600) MASS separate exotic w, from m,
VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT Cleaner n'r signal

1662 3 OUR AVERAGE

1 (2015) 1IGUPCYy =1—(1— 1) Listed among “further
MASS (MeV) WIDTH (MeV) EVTS DOCUMENTID _ TECN commerSTates’ Needs confirmation
201420116 230 :=+32-+73 145k LU 05 B852 18 7~ p — ww™ 7r0p
2001+304+92 333 £52+ 49 69k KUHN 04 B852 18 7 p — 7)7r+7r_7r_ p
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PRL 81, 5760 (1998)
PRD 65, 072001 (2002)

15 16 1.7 18 15 16 1.7 18
rtr-n-  Mass (GeV/c?)

M = 1593 + 8122 MeV
B i68 e o0 S N el

Phase (rad)

l.b; 1.6_ 1.7 18 15 16 1.7 18
T Mass (GeV/e?)
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Frank Nerling

COMPASS Hadron Physics — Newest Results

02/06/2012

s .getf;'?on Lab

e

Carlos Salgado

APS-Baltimore Meeting

April , 2015

13

Sunday, April 12, 2015



Partial Wave Analysis at CLAS (n asiide)

ISOBAR MODEL
Fitted parameters

(production amplitudes)

I(r) =Y e pe(r)Y *V5 CAL(r) MV, “Al(r)

kee' aa’

Minimize “Extended” Likelihood

{ 2 ViaViw “Aalr) Ay (1)} = 3, Vi Viw Voo

/
ke, k€,

eERN | € € A% Normalization
(I)aa' _/ AG(T) o integral

&
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1 1.5 2 2.5
Mm of p with K identified (KK mass)
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Meson SpectroscopyStrategies at JLab
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Experiment
Joint Physics Analysis Center (JPAC)

Jefferson Lab, Indiana U., GWU, Peking U.

« 12 GeV upgrade at JLab: CLAS, GlueX, efc.
— Aim: 2 Complete understanding of the hadron spectrum

—> discover new resonances e.g, gluonic excitations (states
where glue builds their JFC)

— Tools: Amplitude analyses of data
To find new resonances not bump-hunting, but search for poles
=) must build in S-Matrix constraints
+ state-of-the-art knowledge

of reaction dynamics
Hadron spectrum, exotics

I I ]

ChPT + Analyticity + Unitarity Experimental Data FFs, resonance
Dispersion Relations CLAS, GlueX, JEF, parameters: Mk,
Regge Theory, Models COMPASS, BESS, I's, couplings
LHCb, PANDA, ...
Emilie Passemar
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ROOTPWA™
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% 50 Stars (5)
& 1 Downlcad Browse Code
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Wiwest 0 81 oo 1
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4 2 Downloads
S

K+ 0 <0
Wlwe 0 = ok A P

Description I
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panicie reactions. it s used to determine hadron spectra fsom expenmenta data

NOTE: The cote is Only ACCossitie Tvough T gt reposloey in 1h “Code” 30¢80n of ths website

Please reler %0 the README fie 0n how 10 get and instafl ROOTPWA and on how 10 contrbute 10 the
A utinty lorary for performing ampltude analyss on particle physics data

prosect

ComPWA: A common amplitude analysis framework
for PANDA

M Michel', F Feldbaver'”, K Gdtzen'”, P Jasinski'’, A Karavdina®,
K Poters' ~, M Fritsch'~

Hekabeolte lost ot Meine, Germany
? Johennes Gutesherg Usiversitit Meine, Germeny

Jetierson Lab > PYPWA ' Sl Helmboltareetrum fir Schweriooeafonciung Gmbll, Darsstadt, Germasy
efferson Lab > PWA
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e e rso n a i sonrch for tew comventional sed exotic badecnic states The o g tobeids sad glockads. For
. EXPLORING THE NATURE OF MATTER ey Analyses PANDA will oeed an ampdtode analysis, « £ » portisd wave analysis (PWA), 1

ideatify possible eandidatons and foe the chusification of kpown sistes. Thervlorr, & oow, agle
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standaed evtimation and optimbeat oo routioes e Nt 2 snd the Genevs 1heary and be open
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or DESIIL Thee procoodiag show the status of the Baumework inplementation s well o fiemt
lest semeils

Tutorials
Home

Documentason - Sphinx

Software Download PyPWA software framework can be used to perform parametnc model fitting to data. In particulae, Partial Wave and Amplitude Analysis (PWA) of
muitiparticle final states. PyPWA is designed for photoproduction expenments using inear polanzed beams. The software makes use of the
resources at the JLab Scentific Computer Center (Linux farm). PyPWA extract model parameters rom data by performing extended ikehood hits
Referonces Although general ampitudes can be used, the framework includes a specific realization of the Isobar model, with extensions to nclude Deck-type
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The CEBAF Large Acceptance Spectrometer
CLASG

Electron Beam Performance

%L =10%%cm? s

T Cioimen %x/Bdl=2.5Tm

#* Ap/p ~ 0.5-1 %

Torus | /- Cerenkov 3 47 acceptance
* Best suited for multiparticle final states
# Bremsstrahlung Photon Tagger (AE/E ~10-)

Counters

Chambers -

 METERS Time of Flightv/{
REEREASEEE Scintillators -

——

raamPien

_—~—Phakzns

= e Hwum Yok
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Unpolarised 4.8-5.2 GeV photon beam YP—TTttti—(n)

Background

Events/40 MeV

|
|
|
|
P

—
TR T e P

Events/40 MeV

- d. 2"

-t ek A ..

|
|
|
T
|t
! ty
+ -H-!-HJ| ¥y

AR

Events/40 MeV
Events/40 MeV

ety

[l A | .|

IQ%

ﬁ

J

12 74 16 18 2

M(x*x*x1’) (GeV)

1

12 14 16 18
M(x*x*x) (GeV)

Clear evidence of non-exotic 2** state a,(1320)

12 14 16 18 2
M(rtnt) (GeV)

No-evidence of exotic 1+ state n;(1600) at the expected yield

2 14 16 18 2
M(*n*n) (GeV)

M<135nb

- _2( n()l

Nozar, et al
Phys.Rev.Lett.
102:102002,2009
e-Frint: arXiv:
0805.4438 [hep-ex]
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eData taking completed in 2008

ePhoton Energy up to 5.5 GeV

eMore than 26 billion triggers (2-prong + 3-prong)

eTotal Luminosity: 68 pb1

eData processing completed and physics analysis in progress

- (n) Meson Spectroscopy
YP eSearch for exotic mesons

YP — P e Study of Strangeonia
yp — KTK* (E+)(1530) o .

Yp — pKTK™ (n®)
vp — (prt+2) Baryon Spectroscopy

vp — mHK+K-(n) e Cascades
YP — €rep

\ ll
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Search for 7, (1600)

X = qg(1320), ol 1670, #ry( 16000, ..

SIGNAL

o~

(3]

) e

Baryon BG

r

Vo= a7, £ 12700, £,[080), ...

Z = AI1232), N(1520, V{16801, ...

M(';IrJr?rJf:rr_) (GeV{cz)

| Entries: 510486 |

8

Baryon background cuts:

1.0

1.2 14 1.6

1.8 2.0 2.2

M(rtrtm™) (GeVic?)

Events/20 GeV7

Sharp t dependence
consistent with
n-exchange production

U] <0.1 & 6 () < 25°
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Meson spectroscopy with photons at JLab-12 GeV

e Determination of JPC of meson states requires PWA
e Decay and production of exclusive reactions
e Good acceptance, energy resolution, particle identification

Hall-D - GlueX Detector * Good hermeticity Hall-B - CLASI2 Detector

* Uniform acceptance
* Limited resolution
GlueX Detector e Limited pID

lead-glass d Region 3

barrel

. time-of
calorimeter

-flight Region 2
target (BCAL) (TOF) B .
(LH2) I 1Region1 .
ups tream '
veto

Solenoid
Cerenkov
counter " \ A - - '
e *

wire tracking ' GOOCI resolution
chambers A GOOCI PID Torus

superconducting

magnet * Reasonable hermeticity
* Un-uniform acceptance
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Time-

Barrel of -flight

Calorimeter
Target (Bcal)
(LH)

o | Superconducting 2
" ﬂ }, T solenoid
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Select detached vertices
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Forward Detector:
- TORUS magnet

- Forward SVT tracker

- HT Cherenkov Counter
- Drift chamber system

- LT Cherenkov Counter
- Forward ToF System

- Preshower calorimeter
- E.M. calorimeter (EC)

Central Detector:

- SOLENOID magnet
- Barrel Silicon Tracker
- Central Time-of-Flight

Proposed upgrades:
- Micromegas (CD)
- Neutron detector (CD)
- RICH detector (FD)
. - Forward Tagger (FD)
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Electro-production a very Low -Q?

Experiments using unpolarized leptons are equivalent in the small Q2
limit to those using partially linearly polarized photons {Dombey 69}

e Measured electron scattering at very low forward angles

e low-Q? virtual photon < real photon (well known technique
from high energy experiments)

e detection of the scattered electron allows to determine the
photon energy and linear polarization

e polarization is essential to isolate the exchange production
mechanisms

e high luminosity allows the use of thin (gas)- targets
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Meson Spectroscopy together with LQCD calculations promise to
provide a window to detailed studies of at
intermediate energies

High-statistics experiments : (GlueX/CLAS12 - Compass - Panda)
Two Meson Spectroscopy programs at Jefferson Lab

o using a beam of “quasi-real” photons

o using a linearly polarized real photon beam

Analysis progress :

o improve models - include more “constraints” in PWA

o increase computer efficiency - Parallel computing -
vectorization of existing code (GPU, Xeon Phi). Faster / user friendly.

® Minimization/Optimization (Genetic Algorithms,...)

For improving the understanding of the meson spectrum we will need to
analyze data from different beams (production mechanisms), different channels
(coupled channel analysis) and consider an improvement in our analysis tools
accordingly with the expected high statics experiments (better resolutions).
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