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Self Interaction of Color Fields
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Glueballs




Glueballs, closed fluxtubes and n(1440)
Ludvig Faddeev, Antti Niemi and Ulrich Wiedner
Phys.Rev.D70:114033, 2004




Creation of Mass

A few % of the proton mass 1s generated due to the Higgs mechanism.

Most of the proton mass 1s created by the strong interaction.

We do not understand most of the baryonic mass of the Universe.

Glueballs gain their mass solely by the strong interaction and are
therefore an unique approach to the mass creation by the strong
Interaction.




The glueball spectrum
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QCD systems
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pp — 900 Dalitz plot
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700000 events = 6x700000 entries
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- 1,(1565)

Study particles in a high-statistics
high-resolution 45 experiment in

as many final states as possible
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Exotic production 1n pp:
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p(1400)

3 GeV?




Relative energy (eV)

Positronium Charmonium
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The X Y Z particles
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Y(4320) —ete- 2 v

Charmonium states?




From X(3940) = D*D:
M = (3943 £6+6) MeV

I'=(15.4 £10.1) MeV
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The X(3872) at BELLE
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Number of Candidates/ 5 MeV/c

The X(3872) seen at the TEVATRON in pp
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The Y (3940)

PRL 94 (2005) 182002
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If it is treated as a S-wave BW:

M =3943 + 11 + 13 MeV/c2
I'=87+22+26 MeV/c2
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v3/d.o.f. = 15.6/8
stat. sig. = 8.10

Above D*D threshold but no decays into DD or D*D final states seen !

Observed decay mode: JAp + w 1s huge (> 7 MeV)




Events / 20 MeV/c?
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ete~ = v, Y(4260) at BaBar

BaBar PRL95, 142001 (2005)
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Charmonium Production in Bp
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Prediction of Charmonium Production rates

Reaction [o,2%7 ¢ [pb] |Ecr " [GeV][Ap[GeV?]
pb — 70J/0| 420 £ 40 1.28 0.265
pp — nJ/ | 1520 + 140 4.57 4.520
pp — p°J /¢ < 450 4.80 2.114
pp — wJ/ | 1900 + 400 4.80 2.053
pp — n'J /1 [3300 + 1500  4.99 0.765
pp— &J/ | 280+ 90 5.06 0.452
pp — 7o 55 + 8 5.14 30.50
pp — i’ 33+ 8 5.38 20.98
pp — p°y’ 38+ 17 5.59 14.95
pp — wi)’ 46 + 22 5.60 14.77
pp — < 928 5.84 9.12

A. Lundborg, T. Barnes, U. Wiedner: Phys. Rev. D73, 096003 (2006)




Results of a PCAC model of pp = W + 7°
(T.Barnes and X.Li, hep-ph/0611340)
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What i1s the nature of these states?

Quarkonia? Molecules? Hybrids?




4 Forschungszentrum Julich ,
Flatte fOrm in der Helmholtz-Gemeinschaft

Introducing inelasticity (note M = 2m + k?/m)

F

1
XM~ mp + i(gar /2)/m (M —2m) + iTy/2

_ V. Baru, J. Haidenbauer, C. Hanhart,
— for quark states gives A. Kudryavtsev and U. G. Meissner

1 | Eur. Phys. J. A 23, 523 (2005).
PN T f\
Denominator §
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Introducing inelasticity (note M = 2m + k%/m)

Fx !
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Resonance scan

RCHQIHII'ICC Cross
secton

Measured rate

Beam profiles
during scanning

Measure rate of final state under study:

R, = Ly*o(p,)*K (Ap/p, Ip; — pgl)

(K takes overlap between beam and resonance into account)




Production of , ,
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The X Y Z particles

X7~ 1 -

Z(3930) —yy = DD

Y(3940) - B — K |wihp |

X(3940) —ete- = J/p X & ete- = J/p DD*

Y (4260) - ee- — v | Ihp |
Y (4320) — eve = y [ |

Unusual strong decay into hidden charm.




Decay of charmonium hybrids
Lattice results™

' <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.




Learning about QCD processes
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OZI-violating processes
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Antiproton-Nucleus Interaction

PA— W+ (A1)

3.5-4.5GeV
® ——

v (cC) decays into DD

D mesons interact
with rest nucleus




D=dc

quark — nucleus
interaction

(3770)—% o
W d (or d) — nucleus
interaction®

@D'=dc

D=t

quark — nucleus
interaction

u (or U) — nucleus
interaction™

@D'=1c

quark — nucleus
interaction

s (or 5) — nucleus
interaction™

* ignoring ¢ (or €) — nucleus interaction




Production of double hypernuclel

kaons
/Z — } trigger L
o S . @ = Hyperon
5 O—» :o\‘ antihyperon
production at
3 GeV/c /B threshold
Y 1300 Hz
2. N
= capture 5600 / day
By secondary Y
nucleus 8000 / month
iy N Y
H pardidie?? PR
3.

80 / month

vy spectroscopy with
Ge-detectors
(resolution: keV !)




PANDA Collaboration ( ﬁ:ﬂ @d =

e At present a group of 400 physicists
from 50 institutions from 16 countries

Austria — Belaruz — China — Finland — France — Germany — Italy — The Netherlands — Poland — Romania —
Russia — Spain — Sweden — Switzerland — U.K. — U.S.A.

Basel, Beijing, Bochum, Bonn, Brescia, IFIN Bucharest, Catania, Cracow,
Dresden, Edinburgh, Erlangen, Ferrara, Frankfurt, Genova, Giessen,
Glasgow, GSI, Inst. of Physics Helsinki, FZ Jiilich, JINR Dubna,
Katowice, KVI Groningen, Lanzhou, LNF, Lund, Mainz, Minsk,

TU Miinchen, Miinster, Northwestern, BINP Novosibirsk, IPN Orsay,
Pavia, Piemonte Orientale, IHEP Protvino, PNPI St.Petersburg,
KTH Stockholm, Stockholm, Dep. A. Avogadro Torino,

Dep. Fis. Sperimentale Torino, Torino Politecnico, Trieste, TSL Uppsala,
Tiibingen, Uppsala, Valencia, SINS Warsaw, TU Warsaw, AAS Wien

Spokesperson: Ulrich Wiedner - Bochum

http://www.gsi.de/panda







The PANDA Detector
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“p-injection

L=2-1072 cm_zs_l;

pp =1.5-15 GeV/c

Aplp=10"4-107°

HESR

universal detector

circumference 442 m

»  max. bending
% power 50 Tm
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Layout of the detector (top view)




Pellet Target

pellet
beam tube pellet generator
CELSIUS differential pumping
beam tube
scattering chamber

pump — - beryllium tube
station ‘s - forward window

bl ’
cryogenic pump station

beam dump










High-rate TPC with GEM readout

e MPGD: GEM, MicroMegas, ... D o Electron drif
— High granularity s /
— Multi-track resolution 10x better f “%‘}
— Reduced FE x B effect A i
— Fast electron signal B:am\ v §

(it
L . ;
— Intrinsic ion feedback suppression Gas-flled /Inner field cage “% %
cylinder

e DR solution for TESLA:
— No gating between bunches: At = v
337 ns E, B field

— ~ 150 bunch crossings/readout
cycle

— R=17Tm, L=2x25m

- AF—COQ—CH4 (93—2—5)

— Barrel 3% X,

— B=4T, E =230V /cm

— o, < 100 pum, OJdE /dz = 5%

5\
Outer field cage




Der BaBar DIRC (SLAC)

10000 PMTs !

PMT + Base
[~11,000

PMT's

Water

/,

Light
Catcher

PMT Plane—" 1

=
}I Quartz*, Bars

. Water

5m

4 % 1.225 m Bars
glued end-to-end

|
/—Stand off Box (SOE!)/4

|: 91 mm-— ~--10mm

117 m




The Electromagnetic Calorimeter

Required.:

Fast, high resolution scintillator for y between 10 MeV - 10 GeV

Counting rates 107 annihilations / s

Two possible solutions:

/ lower light yield

PbWO, (PWO) crystals

BGO crystals \

Crystal size: 2x2 cm? x 22 X,

slower and more expensive




PWO crystals
(Bochum, Frankfurt, Giessen, GSI, KVI, Lund, Orsay, Protvino, Stockholm, Uppsala)

light yield of PANDA crystals
better than as CMS crystals

& CHSEWCIp W0 @ am)
o
n-;""na-—-gi____ O PANDAPWO fScm)
24T+ IS
R’ -nwm
.
r‘:-'-. 3: PELIA *
KL Oy

y=-1 50+ 0.05




Scintillator Crystals Target Electromagnetic Calorimeter

expected performance of PWO-II at cooled operation: 3 x 3 matrix

T=-25C
- 9
= A o174, o1/ T= 10C . .
o E= g TO7OLA energy resolution with
:_ O = ﬂ 0, ° .
e E- \g ' 0910% photomultiplier readout
- 3 =245at1GeV
1= E
B g=186at1Gev
0 II]I1‘ — Il].|2I — Il].|3I — Il]4r 05
Incident Energy [GeV]
- 2.2 4
0,070 - T=_25C T=-25°C
o 16] energy and time resolution
Wi 050 o with APD readout
=) I:I.I:Id-ﬁ: - D =] ——
] 1.0
0,040
] 0,84
0,035 4 . —_—— - =
o080 4 : e
o0 [IN] 0z 03 0.4 05 0F aos o0A0 045 020 025 0,30 035 IZI,dIZI IZI,-'J:E
incident energy[G ev] deposited energy [G eV]




Single alveoli pack

Fixing screws
| into the support beam
stainless steel)

Back plate /l

of the module

Group of Cooling plates and thermal shields

4 preamplifiers
i alveole

APD + plastic cover
with optica!\ﬁber insert

-
i

Fixing points
between plate and insert
& with thermally

expanded freedom
'\ Insert alveoles
glued on alveoles

Carbon interface between
alveoles and module plate

Ik

/

Group of 4 crystals wrapped
and tight together 7 1 alveole.
Aninternal carbon cross
is added to keep
the homogeneity in the gap

- Alveoles pack
of 40 crystals




Temperatur distribution with APDs

Half module: Simulation with two quads (50mW-4°C), 8 crystals and wire basel 23mm

=19
19.667
. [-19;-25]°C scale 20333
Support Gradient 0.2°C on
+ epoxy ~ ]
shims — crystal length =
Cooling
A | | e ———— =03
23.667
back plate
Thermal -
scCreen =-24

Quad
preamps Zoom on preamplifiers
A°APD=0.6°C / A° crystal top = 0.25°C
APDs

If neighbor quad OFF => A-0.1°C max for APD ON

ws= Low heat transfer from the external beam
support using epoxy shims

[+20:-257) scale o Preamplifiers to APD/crystals - conductivity by wires

Complete map of temperature . o . °
Low external influence Few convection and no gravity influence in the barrel (<0.1°)

= Possible variation in time (>0.1°) = only A° preamp power Hs%
berecrion




The Forward Spectrometer

Tracking detectors:
MDC DC

Y

AN
i

WMM%MW&I%

/

Beam-pipe




The Forward EMC

H : Installalion mount
T ﬁ— APD screw cap
e i
il
i IR

i

— ; Lead/scintillator
= sandwich

Rear clamp-plate
of sandwich

Lead
tile

"LEGO"
lock
5

Scintillator
tile

Sandwich
compression wire

Front clamp-plate
of sandwich
Front light-tight
cover

Shashlyk modules composed of lead absorbers and scintillators

o(E) (2.74 +0.05)%
| E[GeV]

= (1.96=0.1)% +




DAQ and Trigger

Time Clock
Distribution .
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Topics not mentioned

* baryon-antibaryon pair production

 CP violation in the charm sector

* JAP nucleon scattering

* inverted wide-angle Compton scattering
 form factor measurements

 open charm physics

e anti-deuteron production




Summary

Spectroscopy experiments are the basis of the quark model.

The first glueballs and exotics have been found with antiprotons.

pPp provides the most precise charmonium data.

Many other physics perspectives.

Antiprotons provide a versatile tool for QCD studies.

Hadron physics in Europe has a brilliant future with the
FAIR facility and PANDA coming up.




