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Hadron Physics
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How to study hadrons?

e Observe them as existing particles

v / lepton beams are excellent probes (mostly of the nucleon)

*  Build them together in a controlled manner

+ e'e” collider can produce vector mesons (other particles in decays)

+ hadron beams have high production cross sections but little control
(except for antiprotons)

o Study their interaction among each others

The results from hadron physics will leads to an understanding of
a (non-perturbative) interaction among the fundamental quarks.
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Hadronic Structure
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The EMC effect

Muons on nuclear targets to measure nuclear structure functions.
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Op./Op Tatios as a function of x from EMC (hollow circles),

SLAC (solid circles), and BCDMS (squares). The data have
been averaged over O? and corrected for neutron excess (i.e.
for 1soscaler nuclei)
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Proton

Ulrich Wiedner



Gluon polarization results from SMC, HERMES, and COMPASS
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® The gluon polarisation is rather small

® confirmed by polarised pp at RHIC
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More than form factors and quark distributions
= Generalized Parton Distributions (GPDs)

fix)

Elastic scattering reveals Deep inelastic scattering:

form factors: p Structure functions:
transverse charge and o quark longitudinal
current densities momentum & helicity
Common description: distributions

GPDs are correlated quark momentum
and helicity distributions in
transverse space (tomography)

Extending longitudinal quark momentum & helicity distributions

Ulrich Wiedner = transverse momentum distributions (TMDs).
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COMPAS:
’&\W J

h* beam: 190 GeV, p/nt/K 75/24/1%
h- beam: 190 GeV, t/K/p 97/2/1%
n* beam: 160/200 GeV, 2x107/s

E/HCAL2
SM?2

COMPASS spectrometer

E/HCALI

Muon Wall 2,
MWPC

MWPC, Gems, Scifi,
W45

Muon Wall 1

Straws, Gems

Micromegas, DC, Scifi 60m long

Scifi, Silicon
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C WSS Polarized target system

. _*',-’

} | solenoid 2.5T
) . dipole magnet 0.6T
acceptance + 180 mrad

3He — *He dilution

refrigerator (T'“SOmK)

5LiD/NH, (d/p)
50/90% pol.
40/16% dil. factor
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' Jefferson Lab
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E_. =6GeV - 12 GeV
| =200 uA
P = 85%

CW - 1497 MHz bunch
structure (499 MHz/Hall)

Simultaneous delivery of \
different energy/intensity
CW beam to 3 Halls
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Hall A:
Nucleon form factors

Hall B:
Nucleon structure (GPDs)

o~

LARGE ACCEPTANCE
SPECTROMETER  CEBAF
- Electron Beam

Hall C:
Quark properties in
nucleons and nuclei
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PRELIMINARY

dendentendentedendonhnsdonilediesdbend

<rp> = 018
<Q*> = 158 GeV?
<-t> = 022 GeV?

—  Kroll, Moutarde, Sabatié

!§+§§9

<zp> = 0.2
<Q*> = 197 GeV?
<—t> = 0.22 GeV?

10°
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E1-DVCS experiment (2005)
Beam : 5.766 GeV, ~80% polarized
Luminosity : 33.3 fb’!

Target : LH2

Mostly sensitive to GPD H

More data to come from 2009 run



Form factors
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Data on GgP/GwmP prior to JLab

Janssens
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Expectation: GgP/GmP remains constant
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Form factors
Precision data on GgP/GwmP at high Q? from JLab
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= New theoretical effort to understand the nucleon in terms of QCD degrees of freedom.
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Form factors
Precision data on GgP/GwmP at high Q? from JLab
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Often interpretations invoked the importance of quark orbital angular momentum (quark OAM)

More high Q? data needed!
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Ratio between

GE and GM
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Unprecedent accuracy with PANDA

Only Statistical Errors

- panda MC studies

PANDA will measure the form factors in the biggest g range for a single
experiment up to values of ~14 GeV?/c* (beam time dependent).
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Future 2015
JLAB - 12 GeV

add new hall

5 new
cryomodules

upgrade
existing Halls

upgrade magnets
and power supplies

5 new cryomodules
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Future 2015

The planned Jefferson Laboratory Experiments

Hall A Hall B Hall C
installation space Iumin;:ssity energy reach
10

hermeticity precision

11 GeV beamline

target flexibility

excellent momentum good momentum/angle excellent momentum
resolution resolution resolution
luminosity up to 1032 - 103° high multiplicity luminosity up to 1038 - 103?
reconstruction

particle ID
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Cascade of 3 Racetrack Microtrons+
Harmonic Double-Sided Microtron (HDSM)

MAMI C Beam Parameter:
e max. Energy 1.6 GeV
e Energy Resolution 6.<0.100MeV

e max. 100UA current (150kW beam power)
e ca. 80% Beam Polarisation

L

at i




A1l: Electron scattering

& @ 4High-resolution spectrometers
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Al: Electron scattering

4 High-resolution spectrometers
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MANZE R MRROTRON

A4: Parity-violation in elastic ep scattering
PbF, Calorimeter

—ul

A2: Tagged photon beam\ |

Al: Electron scattering

4 High-resolution spectrometers
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SLAC > DESY >

Meson photo production:
Highest precision, all spin degrees of freedom
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Crystal Ball Detector:

BNL 2> Mainz

Hermetic self-triggering spectrometer

Meson decays:
e.g. slope parameter ain n—3m°

a -0..06 -0.94 -OAOZ

002 0.04
t t

prelminary

GAMS-2000
Crysial Earrel@LEAR

Crystal Ball@BNL
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Form Factor for elastic ep scattering:

do  (do 1 2 (A2 2 (A2
5= () sy et (@) + 76 (@)
<r2 > o 6h>  dGg/m (Q?)
x o Ge/m (0) dQ?

MAMI: <r.>=0,879(8) fm

Proton radius puzzle:

Recent PSI measurement of muonic hydrogen

in conflict with ep scattering results :

. e-p Scattering (I. Sick)

. CODATA (Hydrogen)

. MAMI 2010 (J. Bernauer et al.)
. JLab 2011 (X. Zhan et al.)
muonic Hydrogen (R. Pohl et al.)

085 090
Proton charge radius <r*>" / (fm)

Ge/Gaid dipole

Q*=0

G/ (1pGstd, dipote)

0.9

0.85

0.8

1.1
1.08
1.06
1.04
1.02

0.98
0.96
0.94

+ Hanson et al.
i Borkowski et al.
4 Janssens et al.
bard lMlurphy et al1

+4 Christy et al.
<+ Simon et al.
- Price et al.

o Berge{etal.

-+ Borkowski et al.
-+ Janssens et al.
- Bosted et al.

1
r#1 Christy et al.
= Price et al.
rei Bergeretal.
> Hanson et al. = Bartel et al.
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ANDREW PICKERING

Constructing




45 Two further developments connected with the CERN antiproton project
can be noted here. These concern alternative uses of the cooled
antiproton beam. Although the beam was designed to feed the sps, 1t
could be and was used to fill the 1sSrR. The beam was ready before
modifications to the sps were complete, and the first CERN pp
observations were made at the 1SR (see Schopper 1981b, 14, and note 12
above). Also, the advent of a cooled antiproton beam revived interest in
low-energy antiproton physics at CERN. From 1977 onwards plans were
laid for the construction of LEAR (the Low-Energy Antiproton Ring).
LEAR was intended to take cooled antiprotons and make them available
as beams for fixed-target experiments at energies between 0.1 and 2 GeV.
In general, LEAR experiments promised to increase the quality of data on
low-energy antiproton interactions enormously: its beams would be at
least a thousand times more intense than conventional antiproton
beams and of extremely well defined momentum, making possible
extremely accurate measurements. Possible uses for LEAR included
topics in nuclear and atomic physics. The principal HEP interest in LEAR
centred upon baryonium searches and precision measurements on
charmonium states. More conventional attributes of pp interactions
could also be studied.

LEAR was intended to enter operation in 1983: for its history, details

of its construction and the experimental programme envisaged, see
Gastaldi and Klapisch (1981) and Jacob (1980).
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New, high resolution 4n detectors

OBELIX

Crystal Barrel

@ 1) Open Acal Firdd Magnet (QAFM)
. 2) Spud Propection Cheshes (5PC)
O 3) Tume ".l( Fight (TOF, sunee)
) &) Tene OF Flight (TOF, outerd)
. an.'l Clactibes (JDO)
O 0 P.;g,‘ Energy Resodatoon Gesens Detector
(HARGD)
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Crystal Barrel .
pp — wOnn® Dalitz plot

_ 1,(1565)

B —— f(1500)

700000 events = 6x700000 entries
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100 events
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100 events

1000 events
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100 events

10,000 events

1000 events

1000 |

Ulrich Wiedner



100 events

100,000 events

1000 events

1000 |

10,000 events
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Events / 20 MeV

vy collisions from ALEPH

(anti-glueball filter)
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The glueball spectrum
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Glueballs — Creation of Mass

A few % of a hadron (proton) mass is generated due to the Higgs mechanism.

Most of the proton mass is created by the strong interaction.

Glueballs gain their mass solely by the strong interaction and are
therefore an unique approach to the mass creation by the strong
interaction.
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AdS/CFT Correspondence

Maldacena 1997, AdS: Anti de Sitter space, CFT: conformal field theory

e Duality Quantum Field Theory <—> Gravity Theory
e Arises from String Theory in particular low-energy limit
e Duality: Quantum field theory at strong coupling
<—> Qravity theory at weak coupling

* Works for large N gauge theories at large ‘t Hooft coupling A

Conformal field theory in four dimensions

<—> Supergravity theory on AdS xS>

taken from Johanna Erdmenger (MPI Physik Miinchen)



AdS/CFT Correspondence

Maldacena 1997, AdS: Anti de Sitter space, CFT: conformal field theory

e Duality Quantum Field Theory <— Gravity Theory

e Arises from String Theory in particular low-energy limit

e Duality: Quantum field theory at strong coupling

<—> @ravity theory at weak coupling

* Works for large N gauge theories at large ‘t Hooft coupling A

Conformal field theory in four dimensions

<—> Supergravity theory on AdS,xS>

taken from Johanna Erdmenger (MPI Physik Miinchen)



LEBNL-42U87
UCB-PTH-99 /08

Glueball Mass Spectrum from Supergravity” hep-th/9903142
see also: JHEP 9901:017,1999

Csaba Csiki’ and John Terning
Theoretical Physics Group
Frnest Orlando Lawrence Berkeley National Laboratory
University of California, Berkeley, CA 94720
and
Department of Physics
University of California, Berkeley, CA 94720

TABLE I11. Masses of the first few 0%t glueballs in QCDy, in GeV, from supergravity compared to the available lattice
results, The first column gives the lattice result [7,16,17], the second the supergravity result for a = 0 while the third the
supergravity result in the a = o¢ limit. The change from a = 0 to a = o¢ in the supergravity predictions is tiny. Note, that

for the excited state the supergravity calculation came before the lattice results.

state lattice, N = 3 supergravity a = 0 supergravity a — o
ot 1.61 4+ 0.15 1.61 (input) 1.61 (input)
ot+* 248+ 0.18 2.55 2.56

Qe - 3.6 3.48

| s ko - 4.36 1.40




Hadron physics is the place on earth to study non-Abelian massless
gauge boson - gauge boson interaction in a controlled manner.
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Hadron physics is the place on earth to study non-Abelian massless
gauge boson - gauge boson interaction in a controlled manner.

Feynman lectures on gravitation:

In fact, his work led to two sets of very useful results. The first, purely pedagogi-
cal, is embodied in the Feynman Lectures on Gravitation (publication [123]). In those lec-
tures, Feynman develops the quantum field theory of a neutral massless spin 2 particle (the
graviton), emphasizing the special features that arise, in comparison to theories of spin 0 and
spin 1 particles, as well as the complications that result for a zero-mass particle in trying
to create a self-consistent theory. As in the case of spin 1, masslessness results in redun-
dant degrees of freedom, since Lorentz invariance requires that a massless particle can spin
only along or opposite to its direction of momentum (positive or negative chirality), while a
massive spin 2 particle may take up five different orientations relative to any arbitrary quan-
tization direction. Eliminating the unwanted degrees of freedom is achieved by imposing
certain “gauge conditions,” which in the gravitational case brings about nonlinearity in the
form of graviton-graviton interaction. Feynman shows that the classical limit of a properly
gauged massless spin 2 theory is described by the Einstein gravitational field equations.®
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Crystal Barrel
pd—=n"nm+p
l— spectator

(<100 MeV/c)
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o 25 . ]
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- |
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Crystal Barrel
pd—=nnn+p
- spectator

(<100 MeV/c)

...........
........

a,( 1320) p(770)

mz(—ii;t') . [ (Mé&/cz)' :] J
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Crystal Barrel

Properties of the 1t,(1400)

Decay: (M),

Mass: 1400 = 30 MeV not possible from qq

Width: 310 £ 70 MeV / F=I+§
Quantum numbers: JP€ =[1"" .
P=(-1)
C — (_1)L+S
Previous indications of this resonance:
Tp— (7t0n)n (GAMS/CERN, 100 GeV/c, 1988)
T p — (T)n (VES/Serpukhov, 100 GeV/c, 1993)
T p — (T1)n (E852/Brookhaven, 18 GeV/c, 1997))

M: 1300 - 1400 MeV/c2,1: 150 - 400 MeV
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[Alekseev et al., Phys. Rev.
Lett. 104, 241803 (2010)]
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(d)

Intensity / (40 MeV/c)
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Gluonic Excitations — Hybrids at JLAB 12 GeV
ground-state
‘ flux-tube
m=0

excited flux-tube

e m=1
L~

forward calorimeter

barrel time-of
calorimeter -flight -

photon beam

dhn:ond : - forward drift
wafer : chambers
. . . . !‘ - - central drift
Gluonic Excitations provide an & | o\ o
e \ ! superconducting

tagger magnet beam |

experimental measurement of bon s deswo drce y
the excited QCD potential.

...at Hall D
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Detectors at B-factories

DIRC PID

BaBar detector



X and Y mesons
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IX(3872) |w
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The formation of resonances (ALL non-exotic q.n.) in antiproton annihilations
allows precision studies
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— Future antiproton beams with HESR @ FAIR + PANDA
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Z" (4430) - a new state of matter (tetraquark) decaying into w™y’
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B (B — KZ(4430) x 8(Z — m+y’) = (4.1 + 1.0 (stat) = 1.3 (syst)) x 10-5

PRL 100, 142001 (2008)
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4-quark state
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4-quark state D-D-“molecule”

QO ﬂ

* Jl
*
*

@O ﬁ

Ulrich Wiedner



4-quark state D-D-“molecule”

QO
QO

Transition from color forces to colourless nuclear forces ?

Ulrich Wiedner



Standard Model

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standurd Moded susmananiaes the 0w ent Laowbedige s Parthce Phyrsis It i The Quantum Theory That inchedes the Theory of .ne.. Wit s Lors [uantum I omody navecs of QCD) ard e wrefied

Beory of weak and slechiomageetic interactiom (electoowesh). Gravity i incheded on thn chart Decause it & one of the fund

111 tit t
FERMIONS fhin w2 32 512 ..

Spin i the i angular momeriers of Partiches S i gaven i sty of B whah . the
QA wret of angulie momreriemn, where B o 2x = 65500 T GeV a0 108000 M

L WOOTVM 5 ety of The grotons e In S wrsts Lhe ehedire «hasge of
the proton i 1600 ' coslomia

The enengy untt of pasrtae phapwcs i Bhe slecmanvoll (o), the enengy Ganed by ome oles
1O W (Fomaang & poderviad Mferem e of ooe volt. Masaes o0 e grvens i GeV 7 omessber

) whwoe | GeV o 107 oW« 160400 ™ e The muss of the peaton i O 918 Geww ¢
w AN T gy

Matter and Antimatter

Tor overy partxie typw these i 4 cormegondeng stipanicie type, deson
o By & baw over The partate sypmdsad Do + o - dharge n hownd
Partiche and aripartaie huve sdontical ma andd yan ot opposte
e Seene elerienally et ol Dosorn Geg, 2%y, and y = o, et oot
A7 5 ) are thewr own antiparts e

Hgures

These R anm avw a0 sl corepivon of plapwcd procewes. They me
AL vaait andd hunve 00 mvesrmragied wabe Croen Bodes] weamn | epwesend
e chosd off ghuoms o The ghuon beldd, and red bnes The gk pahe

Irich Wiedner

PROPERTIES OF THE

Structure within
the Atom
Quark

Electron
™

Neutron
and
Proton

Atom

¥ e et e an

s ¥

Energy c Phectrd

Quarks, 1 " Dlactrically charged

W* W

INTERACTIONS

DA AcTions shen though a0t part of the “Standard Model *

BOSONS soin-o 12 ..

Each guark o oo of threw hpe of
“Srong g © abd Galled “oober dharge
These chwge have nothing % do with the
Coirs of viside . There are e ponvibie
types of color change for ghuorm. st & eloctn
ARy gl s ey st by e arsprn) phelonn, wn Fseny rvieradlaons oebr (hanged pa
e nteract by enchanging ghuom. Leptoms, photons, and W and Z Bosorn have no wirong
FRY S Virn arwd Persie b ok (Nrge

Quarks Confined in Mesons and Baryons

O cannit nolatie Quarks and ghuony they are condined n Color neuirdd partdes Called
hadvors. Tha (oot [Bedeg) tesdts rom mitigle euianges of Ghuons avony the
cobor <harged combBumts. As color Charged partaiem (guarks and ghuorad move apart, e erwer
Py e Ror Force Fedd Between Dhem ncresmes. This enengy evertually & (onverted 700 add
bonad quark antiguad pain Bee Sgure belowl The guarks and antguarts then (ombee o
Nadronm, These are The Partaies seen 10 emerge Tuo Dypes of Radeors have Deen obmerved n
“atue mesom gy and baryoms 033

Residual Strong Interaction

The rong bindang of (olor aeutral protoss and neutron B0 Sorm nuciel & due 10 revidual
OO et o Ty Dt veens hes W R e Cor i Dents 1T s evelar B0 The rewiaal ehex
trical nteraction That bindh slectrically neutral somm 50 Sorme moleculen. |t can sho be
e o e euRarsge of e Deltmees The Aadvore

harge

Quarky, Gloom

The Partcle Adventure
it e snard wrreng wed feadase The Purtcle Adventoe st

"oip  Parncle Advesture vy

Thes hart has been made poisdie Dy the generows suppen of
) & Departyweant of (nergy

U S Netonad Scence Foundation

Lawrerce Berteley Nationad Laber shory

Varford Lmew Actoder stor Corvier

At an Popui ot Sooety Dowrsaon of Partacies srell Pl

BURLE »ousmaes s

02000 Comtemporary Pagucs [ducaton Pagect. CPEF i & non geolt onganas
Son of Seachens, phywcniy, and educaton. Send mad foc CPER, NS 50004, Lavrence
Bertcbey Nationsd Lt stony. Bodtielery CA SI00 For mformation on (harts, tewt
B L R e D e s 2SR

http://CPEPweb.org




PROPERTIES OF THE INTERACTIONS

Interaction ATEY
Property Gravitational

Acts on: Mass - Energy Flavor Electric Charge TN S S

Interaction Note
Particles experiencing: All Quarks, Leptons Electrically charged Hadrons

Particles mediating: (m&l:\;i:::\n 5 w+ w- 20

Strength relative to electromag | 10~'8 m 10-4 0.8
for two u quarks at:

Y Mesons

1 Not applicable
310" m 10-41 10-4 1 60 to quarks
1

Not applicable

-36 -7
for two protons in nucleus 10 10 to hadrons 20
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PROPERTIES OF THE INTERACTIONS

Interaction ATEY
Property Gravitational

Acts on:

Mass - Energy Flavor Electric Charge S S Swong
Particles experiencing: All

Interaction Note
Quarks, Leptons Electrically charged Hadrons

Particles mediating: (m&l:\;i:::\n 5 w+ w- 20

Strength relative to electromag | 10~'8 m 10-4 0.8
for two u quarks at:

Y Mesons

1 Not applicable
3107 m 104 10-4 1 ; to quarks
1
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Decay of charmonium hybrids
Lattice results™

. . t @
spin-exotic: | @ TS wave

[" <80 MeV

Decay of charmonium provides a clean "tag".

*UKQCD, C. McNeile et al.; Phys.Rev.D 65:094505, 2002; C. Michael, hep-lat/0207017.

Ulrich Wiedner



Proton-Antiproton contains already
a 4-Quark-System

Idea: Dilepton-Tag from
Drell-Yan-Production

Advantages
® Trigger
® less JPC-Ambiguities
® 1200 E./day @ 12 GeV

® 300 E./day @ 5-8 GeV
antiproton-Beam
(for L=10%?cm=s1)

Ulrich Wiedner

gl

20

Bannikov, Gornuschkin, Kopeliovich, Krumshtein
and Sapozhnikov, JINR E1-92-344 (1992)



Exotics
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Exotics
What we know:
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Exotics
What we know:

7,(1400)

Mass: 1400 + 30 MeV
Width: 310 £ 70 MeV

Decay: (Nm), _,

JPC = 1_+ A. Abele et al.,
Phys. Lett. B 423 (1998) 175.

., (1660)

Mass: 166Oi10jr6% MeV/c2

Width: 269+21742 MeV/c?
—64

Decay: (pm)

JPC = 1~

M.G. Alekseev et al.,
PRI 104 (2010) 241803

Ulrich Wiedner



Exotics
What we know:

Y (4260)
7,(1400)

Mass: 1400 + 30 MeV
Width: 310 £ 70 MeV

Decay: (Nm), _,

JPC = 1_+ A. Abele et al.,
Phys. Lett. B 423 (1998) 175.

Events / 20 MeV/ic?

m(x'x J/y) (GeV/c)
m,(1660) Y(3940)
Mass: 166Oﬂ:10:F6(11 MeV/c2 Belle
Width: 269421742 Mev/c? L\
—64
Decay: (pm)
JPC =1

M.G. Alekseev et al.,
PRI 104 (2010) 241803

Ulrich Wiedner



What we know:

7,(1400)

Mass: 1400 + 3()

M.G. Alekseev et al.,
PRL 104 (2010) 241803

Ulrich Wiedner

Exotics

Y (4260)
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What we know:

7,(1400)

Mass: 1400 + 3()

M.G. Alekseev et al.,
PRL 104 (2010) 241803

Ulrich Wiedner

Exotics

H

Events / 20 MeV/ic?
E =

Y (4260)

vvvvvv

BaBar



Exotics

What we know:
Y (4260)

vvvvvvv

H

BaBar

7,(1400)

Mass: 1400 + 3()

Events / 20 MeV/ic?
s

ss hybrids

M.G. Alekseev et al.,
PRL 104 (2010) 241803

Ulrich Wiedner



Exotics
What we know:

Y (4260)

7,(1400)

Mass: 1400 + 3()

M.G. Alekseev et al.,
PRL 104 (2010) 241803

Ulrich Wiedner



Exotics
What we know:

Y (4260)

7,(1400)

Mass: 1400 + 3()

M.G. Alekseev et al.,
PRL 104 (2010) 241803

PANDA

Ulrich Wiedner



Exotics

What we know:
Y (4260)

7,(1400)

Mass: 1400 + 3()

M.G. Alekseev et al.,
PRL 104 (2010) 241803

JLAB@12 GeV PANDA

Ulrich Wiedner



BES 1n Beijing

The BESIII Detector

SC magnet

Muon Counter

EREIPLTIRT

-~

Drift Chamber
A
i~ 0.5% @ 1Gev

D < e

o(@E/, )=6%

To Tiananmen Square (~10 km)

CsI(T1) calorimeter

AE
L=25% @ 1GeV

Y




MASS [GeV/c?]

BESIII data samples

(+data taken at 3.65 GeV and resonance scans)

I I — > ~2.9 fb"
—> ~106 million (+more)
. / i Xer(19P7) ZiE
[/ \ 0.5 fb! @4010 Me
sar |/ 0.5 fb! @4260 MeV
/ / 0.5 fb-' @4360 MeV (ongoing!)
/
32 | / 4’
/‘é"'f'f"> —— ]2 billion (225M‘analyzed)_
/
el Ne(1 So)
0+ 11— 1+ 0% 1w 2w

‘ ~10-20x previous generation charmonium factories




BESIII data quality
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The X(1835) at BES
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BESIII PRL 106, 072002 (2011)



The X(1835) at BES
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The X(1835) at BES

JIy >mnn

) PC‘ consistent with 0~
2m 90 02 04 06 08 10
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The X(1835) at BES

JIy >mnn

) PC‘ consistent with 0~
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X(1835) M=1836.5+3.0*56, TI'=190.1£9.0*8,,  >200




Partial wave analysis:

8001 02 03

MW'sz‘G"V’C” - JPC= (0> 6.80 better than other assignments
a
5300F 44 (C)‘
& 550} Pf— M 'ﬂl
200& ShiE
¢ -]ﬂs
150F \E
100f
s
Y905 00 05 10 % 0 o0 100
cosf, 0,()

BESIII PRL 108, 112003 (2012)



Fermi & Yang in 1949
(7 years before p discovery):

If NN potential is attractive, they
could bind to form 7n-like states.

THE
PHYSICAL REVIEW

A journal of experimental and theoretical physics established by E. L. Nichols in 1893

Seconp Series, Vor. 76, No. 12 DECEMBER 15, 1949

Are Mesons Elementary Particles?

E. Fermr axp C. N. Yanc*
Institute for Nuclear Studies, University of Chicago, Chicago, Illinois
(Received August 24, 1949)

> The hypothesis that x-mesons may be composite particles formed by the association of a nucleon with €
an anti-nucleon is discussed. From an extremely crude discussion of the model it appears that such a meson
would have in most respects properties similar to those of the meson of the Yukawa theory.



Expectation for pp

bound-state meson

below-threshold: p and p
annihilate to mesons

above threshold:
X 2 pp ~100%

Y‘I' l[‘ll'.‘l‘fi Ill[‘ll]l!‘]l II T T
.
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.

.

'

\

80
40
20
Oseo 1865 1870 1876 1880 1885 1890 1895 1900
[ M,. (MeV)
I=0, JPC= 0-* init. state: .
pp =2 w'wn’ is common m, ~m,

Phys. Rev. C 72, 015208 (2005) G.J. Ding and M.L.Yan
Comm. Theor. Phys. 42, 844 (2004) C.S. Gao and S.L. Zhu



Baryonium: the H-particle

Picture: Wikipedia

Perhaps a Stable Dihyperon®

R. L. Jaffef
Stanford Linear Accelevator Center, Stanford University, Stanford, California 94305, and Department of Physics
and Laboratory of Nuclear Science,} Massachusetts Institute of Technology, Cambridge, Massachusetts 02139
(Received 1 November 1976)

In the quark bag model, the same gluon-exchange forces which make the proton lighter
than the A(1236) bind six quarks to form a stable, flavor-singlet (with strangeness of
-2) JP =0* dihyperon (H) at 2150 MeV, Another isosinglet dihyperon (H*) with J¥ =1
at 2335 MeV should appear as a bump in AA invariant-mass plots, Production and de-
cay systematics of the H are discussed.

+

R.L. Jaffe; Phys. Rev. Lett. 38: 195 (1977)

Ulrich Wiedner



LEPS (@ SPring-8
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Schematic view of the LEPS facility b
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Schematic view of the LEPS facility b

8 GeV electron
Recoil eIectror\?
Taggin

Collision \
SPring-8 ,~

SR ring

: Laser light

A

Energy spectrum of Inverse Compton Y-ray

~ ' BCS photons Laser hutch
f\

Bre mfs‘gtﬁm% g

Ulrich Wiedner

Experimental hutch
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M(NK*) for exclusive samples b
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* Peak is seen in tagged events for the previous data while not seen in the new data.

* An enhancement is seen in proton rejected events in the both data.
Ulrich Wiedner



Schematic view of the LEPS2 facility b

Backward Compton Scattering 10 times high intensity:
%AV electron Multi laser injection &
Laser beam shaping
(future possibility:
Re-injection of
X-ray from undulator)

LEP
GeV y-ray)

Recoil electron
(Tagging)

Laser

Best emittance

(parallel) beam 2>

— photon beam
does not spread

Large 4n spectrometer based on
BNL-E949 detector system.
Better resolutions are expected.

i

[3/ b Beam dump
/dg

New DAQ system will be adopted

Ulrich Wiedner
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Production of double hypernuclei

kaons
/Z —_
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= capture [9600/ day

By secondary
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Bonn: the ELSA accelerator
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= Polarized and unpolarized e~ -beam =- photoproduction experiments
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The CBELSA experiment in Bonn

Polarized Target Crystal Barrel
\ N + Inner detector

Pl

.

» > : _
Forward Detector / s \‘ i +— Goniometer

Gas-Cherenkov Tagging system

s

N T

\
-~
Beam D-mp -

~~ Tagging Hodeskep

—

Photon intensity ’~/ |
monitor

= EXperiments with polarized beams and polarized targets
Single and multi-meson photoproduction, proton and neutron targets
+» Double polarization program

Ulrich Wiedner
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396 MeV

Lattice spectrum of nucleons and deltas at mx
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Baryon spectroscopy

= Good understanding of the spectrum and the properties (e.g. decays) of the
resonances needed !

Experimentally:
Broad and strongly overlapping
resonances

Important:

— Investigation of different final states

— Measurement of polarization observables
(unambiguous PWA)

4

Single and double meson R/ p4'7_:4_ |
photoproduction with 5
the CBELSA/TAPS experiment

07300 400 800 800 1000 1200 1400 1600 1800
£ MeV)

Data quality:

— low background

- polarized beam good resolution

- polarized target

clear observation
- of vp — p2=Y,
e ) yp — pr’n
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CBELSA 1n Bonn: baryon spectroscopy with polarized beam and target

High quality double polarization data taken with polarized beam and polarized
target, selected example:

: 0. T 50 | =
Yp — pm: 2°F i )
PWASs: & 40 \e/

: v photon spin  proton spin
SAID, MAID 304, ‘;'>o s
BnGa («A.2) a0t
++ describe the
so far existing 10-
photoproduction 0 T e
data, but ... E, [MeV]

g soE o |
large deviations — o a
observed & 40 W
30 photon spin  proton spin
- $ =>0
Differences even at low — = ' O &
energies where everything
was thought to be well 10 PN = Dven
understood ... : | ) 1 Sensitivity
0" """"7000 1500 2000 on high mass
E/[MeV]  resonances !

Double polarization measurements:
First paper (G) published (PRL 109), further data ready for publication

Ulrich Wiedner



COSY - Experimental Facilities

Hadron physics with hadronic probes S

Dipolmagnete

Polarized Proton iﬁ
and Deuterons
up to 3.7 GeV/c

Internal and external

experiments
TOF _COSY 13- g
Nl PN S L UESSICA
) N
.‘. n . i B
Blg Karl il TOF— |
\\"-/:':'». —

o) Zyklotron
T=he
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COSY — Experimental Facilities J JULICH
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COSY - Experimental Facilities #) JULICH

Selected Recent Physics Results
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= Lic
Accelerator Development for COSY and HESR

Pellet Target 0.1 MV e-Cooler

L O, ——— 1

~4g Barrier Bucket Cavity
y

; é Stochastic Cooling

LI LI LI L) -

+ Detector tests for various FAIR experiments
+ Functional Preassembly of PANDA

Irich Wiedner




Physics beyond the Standard Model
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Crystal Barrel@LEAR: Search for unknown bosons in particle decays
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New massive force carrier of extra U(1) gauge group; predicted e.g. in string theory
Search for the O(GeV/c?) mass scale in a world-wide effort

» Could explain large number of astrophysical anomalies

» Could explain presently seen deviation of 3.6c between SM and (g-2) , measurement

102 ¢
: (9-2).\'&/

lg-2),< 20

\Exclusion range from

MAMI / A1 spectrometers
during 4 days test run

Mixing Parameter ¢
=
w

Al/MAMI
Phys. Rev. Lett. 2011

Future runs A1

e

104 bt ‘ S —
10 100 1000

Dark Photon Mass m.. (MeV/c?
Ulrich Wiedner ark Photon Mass m, . (MeV/c®)
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@ PRiISMA Outlook: MESA Acclerator

Mainz Energy Recovering Superconducting
Accelerator

» Challenging accelerator project
= High-gradient superconducting

= Extracted beam mode or ERL mode

Energy: <155
~CC MeV
£ eE Extracted beam: LH, target 2> 10*cn
i ERL mode: Internal gas target

> Flagship experiments in low-energy particle, hadron and nuclear physics

= Precision measurement of weak mixing angle sin?0,, at low Q?

= unique precision test of the Standard Model

= Search for the Dark Photon at low masses
Ulrich Wiedner



Hall- D-Experimental Complex @

Apfil 2012

Occupancy of Hall D in January
2012 and of the tagger hall in
February 2012,

Hall D Interior ?"

S YL
- o - i e
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GSI today F A | R Future facility
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August 2012
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Anti-Proton
Production Target
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