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Overview

The Challenge

= The D-Meson: ,Hydrogen of QCD*

= Theoretical Interpretation of the D ,*(2317)
The Approach

= Width Determination
by Measuring the Excitation Function

= |nfluence of the Beam Momentum Spread

= Achievable D,*(2317) Width Resolution at PANDA
The Tool

= The PANDA Detector
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The D-Meson: ,,Hydrogen of QCD*

General idea of spectroscopy:

= Measure the properties of the states
to deduce the properties of the potential

= Has been done with great success
for the QED with hydrogen -

= D-Meson
« Heavy-light system, like hydrogen
« The c-quark can be considered as a static color source

The spectroscopy of the pseudo scalar and vector D mesons is complete, and
the masses are well measured. Three of the excited charmed mesons have
been observed, although it will take further experiments to extract completely
the individual particle properties. Morrison, Witherell

Annu. Rev. Nucl. Part. Sci. 1989. 39: 183-230
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Mind the notation:
n2S+1L, < niL, & JP
S=s,+s 2
J=L+S
P=(1)1 J°
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Theoretical Interpretation of the D_,*(2317)

= When the D_,*(2317) and D,(2460) were found, their
properties did not fit the quark model predictions

« ~150 MeV below the calculations
* Very narrow
= Two basic lines of interpretation

* Not a quark-antiquark system, but:
Molecule, Tetraquark, ...

 States can be explained by the quark model
with changes to the potential

= Precise knowledge of the parameters needed to distinguish
between interpretations

e Current world average: mass: 2317.8 + 0.6 MeV/c?,
width: < 3.8 MeV/c?

* PANDA's goal: o4, < 0.1 MeV/c?
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... and More Puzzle Pieces for the Spectrum

EXA Wien, 8.9.2011
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FIG. 1 (color online). Spectrum of the ¢§ system. All observed
D, states, with mass indicated on the y axis, are assigned to a
level with J” and proper name. The four assignments discussed

for D,;(3040) are shown in correspondence to the mass value
M = 3040 MeV.
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Width Determination
by Measuring the Excitation Function

= Reaction:
E 0]
DX »>¢r, ¢—>K'K”
D.,(2317)" — D} z°

= Excitation function:

o(s) fjm s—(m+fg) f )- (s —(m—pg) f )
‘l\/l‘ 472'*\/7 (m—@2+( 2

dm
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Excitation function of the D_,*(2317)

O [Ilb, 0'0:1nb]
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Influence of the Beam Momentum Spread

O,

excitation function without smearing

— . AsMev
42855 4286.0 4286.5 4287.0 4287.5
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Influence of the Beam Momentum Spread

G, IBeam

excitation function without smearing

beam momentum spread

Momentum spread: op/p,= 10+
Absolute positioning: 6p,/p,= 10+
Relative positioning: 6Ap/Ap = 10

nominal beam
momentum

v \s MeV

____________________________________
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Influence of the Beam Momentum Spread

G, IBeam’ ISignal
excitation function without smearing
beam momentum spread

effective Vs distribution at given nominal Vs

\s MeV
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Influence of the Beam Momentum Spread

- excitation function without smearing

- = = = gmeared excitation function

—=  AsMeV
42855 4286.0 4286.5 4287.0 4287.5
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Influence of the Beam Momentum Spread

o [nb, og=1nb]
2.0-

200 keV (a)
100 keV (a)
10 keV (a)
200 keV (b)
100 keV (b)
10 keV (b)

1.5

1.0-

0.5

e

______________
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Solid lines (a) with beam momentum spread
Dashed lines (b) without beam momentum spread
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D.,*(2317) Energy Scan
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D.,*(2317) Excitation Function — 100 keV Width
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D.,*(2317) x? Distribution — 100 keV Width

With background Without background
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Systematic Shift of the Reconstructed Width
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Resolution of the Reconstructed Width
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The PANDA Detector

Micro Vertex Detector GEM Detectors Shashlyk Calorimeter
Central Tracker Mini Drift Chambers

\
Muon Range System

\| Targetsystem

Solenoid

Barrel TOF

WWw-panda.gs; ge

TOF Wall

Disc DIRC

Some important features for
this measurement:

* Vertexing

13 m * Tracking

» Particle identification
 Calorimetry

Muon Detge

EM Calorimeter,

Barrel DIRC
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Summary

Spectroscopy of the charmed mesons still exciting
= Particle properties not fully understood yet
= Precise data needed as input for theory
= D,*(2317) world average (PDG)
« Mass: 2317.8 + 0.6 MeV/c?
« Width: < 3.8 MeV/c?

Achievable PANDA performance
= Resolution of the width: ~ 0.1 MeV/c?

= Sensitivity to background
-> Precision increases with higher production cross section

= Optimization of scanpoints
- further improvement of results possible
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