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Outline A) j0LICH

FORGLHUNGELIENTRUM

s |ntroduction

s The experiment PANDA

s \WWhy the interest in charm physics
» Strong interactions
o QCD
o Intermediate case between heavy and light quarks
o Spectroscopy
o Strong decay modes

Leptons

This talk is focused on strong interactions in Charm Physics

s Exotics in Open Charm Physics with PANDA

& Summary

Mitglied in der Helmbolte Coamainschaft
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Introduction: QCD A)0LICH

FORGLHUNGELIENTRUM

The modern theory of strong interactions is the Quantum Chromo Dynamics (QCD)
- QCD is the quantum field theory of quarks and gluons
- It is based on the non-abelian gauge group SU(3)
- It is part of the Standard Model

At high energy QCD is well tested
- The coupling constant a_becomes small at high energy

- Perturbation theory applies _ =TT T

%’ Confinement

At low energy, QCD is still to be understood
- Several theoretical approaches: ] i
Potential models
Lattice QCD (LQCD)

Effective field theory (EFT) e 6 0
RN 1 [
2 $
. . S N
s |nput from experimental physics 0.1F i
- Several experimental techniques ’i‘s‘f”;pmtic
i reeaom
Ll 5
1 1|,01 (GeV) 10

4
E. Prencipe ICNPF 2014




Theoretical approaches to i
: ULICH
non'perturbatlve QCD J JJH&::HL.\H;&;’:—N|Hur-.-1

s Potential Models Bound system of heavy quarks can be treated in the
framework of non-relativistic potential model. Masses and widths are
obtained solving the Schrodinger equation

s LQCD QCD equations of motion are discretized on a 4-dim. space-time
lattice and solved by large-scale computer simulations
- Enormous progress in recent years (quenched—unguenched lattice calculations)

- Precision increasing, thanks also to synergies with EFT

s EFT Exploit the symmetries of QCD and the existence of hierarchies of scales
to provide effective lagrangians that are equivalent to QCD with:
- quark and gluon degrees of freedom (non-perturbative QCD approach: NPQCD)
- hadronic degrees of freedom (Chiral Perturbation theory: ChPT)

Mitgliedin_der Halmboltz_Cemainschaft
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Experimental inputs A) 0LICH

FORGLHUNGELIENTRUM

s Spectroscopy of QCD bound states. Precision measurement of particle spectra:
- Mass
- Width
- Branching Ratios (BR) and cross sections

Observables must be compared with the theoretical predictions
|dentification of relevant degrees of freedom

- D mesons

- Baryons

Search for new form of hadronic matter

®

- Hybrids
- Glueballs
- multiquark states

tetraquark DD* molecule hybrid

s Hadron in nuclear matter
- Origin of the mass
- Hypernuclei

Study of nucleon structure
- Form factors

Spin Physics 6
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A) j0LICH

FORGLHUNGELIENTRUM

Experimental techniques

A Low hadronic background

e'e colliders
High discovery potential

o Direct formation

o Two photon production BUT
o Initial state radiation (ISR) >
o B meson decays

(BaBar, Belle(ll), BES, Cleo(-c), CESR,

Direct formation limited to vector states
Limited mass and width resolution
for non vector states

LEP...) Y,
pp annihilation B A
(LEAR, Fermilab E760/E835, PANDA) High hadronic background
Hadron production BUT
(CDF, DO, LHC) >
High discovery potential
Electro/photon production Direct formation for all (non exotic) states
(HERA, JLAB) Excellent mass and width resolution
) for all states
7
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Charm spectrum A)0LICH

FORGLHUNGELIENTRUM

s The charm spectrum was predicted in 1985 [S. Godfrey, N. Isgur, PRD32, 189 (1985)]
and updated in 2011 [M. Di Pierro, N. Eitchen, PRD64, 114004 (2001)]

s The theoretical predictions are generally in qualitative agreement with observations

s Still discrepancies are seen for some of those states (experimental limitation in the
measurement of the width, small statistics, large level of background in inclusive

measurements)
T
% |
EE.E — -i:!-E]I-] .-I.:!.E:;..---.
E — [y ———
From PDG 2012: e So—
— — C2's, TP,
D mesons: | l
Cu> Cd> 2.4 = e TR
B Py !
M_=(1864.91 + 0.17) MeV/c? 22 D
M —M_ =(4.74 £ 0.28) MeV/c*® C
- 2_ - ——
o L s, Godfrey-lsgur (1985)
T=(410.1 +1.5) x10™s Lol s Di Pierro-Eichten (2001)
: | | | | |
0 T 0* 1 2° 3 4P 8
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Charm spectrum A)0LICH

FORGLHUNGELIENTRUM

s The charm spectrum was predicted in 1985 [S. Godfrey, N. Isgur, PRD32, 189 (1985)]
and updated in 2011 [M. Di Pierro, N. Eitchen, PRD64, 114004 (2001)]

s The theoretical predictions are generally in qualitative agreement with observations

s Still discrepancies are seen for some of those states (experimental limitation in the
measurement of the width, small statistics, large level of background in inclusive

measurements)
I __D,(3084) &'
| D.’(2806) 3 D, (3079) 3
i Di(ZEIﬂG] 2 Di (3074) 3'
—D,(2801) 2: D,*(3074) 2'
From PDG 2012: S ~ Dy(2796) 1
- _ o : :D1*(261B] T D(2479) 7'
D mesons: cu s cd > 2 2500+ ,(2558) 0 =D-;f[2469] .
- @ i —D,2419) T
M, = (1864.91 + 0.17) MeV/c® g Dy'(2380) 0
— 2 L
M, -M = (4.74 £ 0.28) MeV/c 2000—D'(2023) T
1= (410.1 £ 1.5) x101°s :—[’“354] 0 Conference _CHARM 2013
red = established states
15 25 1D 1P 1F
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Excited D_ states A) JULICH

FORGLHUNGELIENTRUM

;’—H 3 I I I ]
(¥ R .
el T e —
= - WEILIIE .
['E]
8 i ]
2 281 i
o S
L (— 4
= iy — e DI ol
D'i‘! D K
2.4 |- —
. 4 DK
P . —
I TDS — Godfrey/Isqur (1985) :
e Di Pierro/Eichten (2001) |
2 " D. ® Observed .
JP s 0— .1— G+ 1+ 2* 31-

CU> Cd> (D mesons): theory and experiments are in agreement

C§> (D_, states): the quark model describes the spectrum of unobserved
heavy-light systems, expected to be predicted with good accuracy

until 2003! 0
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Excited D_ states A) JULICH

FORGLHUNGELIENTRUM

~ 3
L8] - -
B I Ay
i, s S—
m = 4
" 2.8 = -
2 -
S R— |
26k e S $[)S2 -.
_ e D'K
i oD (2460) ]
& - DK
i e D (2317) ]
Al d . —
i —&—Dg | — Godfrey/Isqur (1985) ]
Di Pierro/Eichten (2001) |
2 e D. ® Observed -
lJF' = Uv .J— 0+ 3+ 21 3*

D_(2317)" discovered in e'e™— cc, observed by BaBar [PRL 90 242001 (2003)], Belle
[PRL 91 262002 (2003)], CLEO [PRB 340 (1994)]. Confirmed by LHCb
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Excited DS states

;'—H 3 1 ] I ]
L& - -
> E e p—
2 - e D (2860) c
" 2.8 BT 9
2 R— ~e D(2710) i
2.6 T ==D, -
- 0y f ok
L oD (2460) i
s 4 DK
i e D (2317) ]
- . -
i TDS — Godfrey/Isqur (1985) :
2 Di Pierro/Eichten (2001) |
. " —— D ® Observed "
JP s 0-— 1— 0+ .!+ 21 3*

s Several others excited states have been found

A) j0LICH

FORGLHUNGELIENTRUM

s The identification of these states as 0" or 1" c¢s states is difficult in the

potential model

12
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Excited D_ states A) JULICH

FORGLHUNGELIENTRUM

i __ D, (3040)
3000 !
I __D,,"(2860)
S __D,,'(2110)
0 D.,"(2573)
_D 25 s2 %
2 2500 — Dot DK
N . D
i —Dy(2317) K
=
I _D(2112)
2000=_D4(1968)
Conference CHARM 2013

0- 1- 0+ T+ 2+ 3-7 ?

s Several others excited states have been found

s The identification of these states as 0" or 1" ¢s states is difficult in the
potential model

13
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Experimental overview of

FORGLHUNGELIENTRUM

D_*(2317) and D_(2460) #) )0LICH

s Most of theoretical works treat

Decay Channel D3, (2317)" Dss(2460)"  c5-systems as the hydrogen atom
Dy Seen Forbidden notential models, c=heavy quark):
D~ Forbidden Seen D (2326)" and D (2573)" are
DI 7% (a) Allowed Allowed 4 a s2

D% (2112) " x" Forbidden Seen predicted, found with good accuracy

5(2317) — Allowed but:

Dym’n’ Forbidden Allowed m(D_*(2317)") found 180 MeV lower
DT~ (a) Allowed Allowed R
DIntw~ Forbidden Seen than predicted

(a) Non-resonant only

s D_’(2317)" is found below the DK threshold: s D_(2460)" is found in the inv. mass D"y

s D_'(2317)" can in principle decay s Spin at least 1
- electromagnetically (no exp. evidence); or ¢ We can exclude the hypothesis 0%, only,
- through isospin-violation D ‘1 strong decay because D_(2460)" —D_y

Is D_" the missing 0" state of the cs-spectrum? Is D_, the missing 1" of the cs-spectrum?

Do these 2 particles belong to the same family of exotics?
14
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D_'(2317)" theoretical overview [J VNl

FORGLHUNGELIENTRUM

Different theoretical approaches, different interpretations r(D_*(2317) * -D 1) (keV)
M. Nielsen, Phys. Lett. B 634, 35 (2006) 6+2

P. Colangelo and F. De Fazio, Phys. Lett. B 570, 180 (2003) 7+1

S. Godfrey, Phys. Lett. B 568, 254 (2003) 10 Pure cs state
Fayyazuddin and Riazuddin, Phys. Rev. D 69, 114008 (2004) 16

W. A. Bardeen, E. J. Eichten and C. T. Hill, Phys. Rev. D 68, 054024 (2003) 21.5

J. Lu, X. L. Chen, W. Z. Deng and S. L. Zhu, Phys. Rev. D 73, 054012 (2006) 32

W. Wei, P. Z. Huang and S. L. Zhu, Phys. Rev. D 73, 034004 (2006) 39+5

S. Ishida, M. Ishida, T. Komada, T. Maeda, M. Oda, K. Yamada and |I. Yamauchi, AIP 15 - 70
Conf. Proc. 717, 716 (2004)

H. Y. Cheng and W. S. Hou, Phys. Lett. B 566, 193 (2003) 10 - 100 Tetraquark state
A. Faessler, T. Gutsche, V.E. Lyubovitskij, Y.L. Ma, Phys. Rev. D 76 (2007) 133 79.3 + 32.6 DK had. molecule
3 M.F.M. Lutz, M. Soyeaur, Nucl. Phys. A 813, 14 (2008) 140 Dynamica”y gen. resonance
a
4 L. Liu, K. Orginos, F. K. Guo, C. Hanhart, UIf-G. Mei3ner 133 + 22
3 Phys. Rev. D 87, 014508 (2013) = DK had. molecule
g M. Cleven, H. W. Giesshammer, F. K. Guo, C. Hanhart, UIf-G. MeiRner NEW! strong and radiative
3 hep-ph: arXiV 1405.2242 (2014) decays of D_(2317) and D_ (2460)
3
g
=
=
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D_'(2317)" theoretical overview [J VNl

FORGLHUNGELIENTRUM

Different theoretical approaches, different interpretations r(D_*(2317) * -D 1) (keV)
M. Nielsen, Phys. Lett. B 634, 35 (2006) 6+2

P. Colangelo and F. De Fazio, Phys. Lett. B 570, 180 (2003) 7+1

S. Godfrey, Phys. Lett. B 568, 254 (2003) 10 Pure cs state
Fayyazuddin and Riazuddin, Phys. Rev. D 69, 114008 (2004) 16

W. A. Bardeen, E. J. Eichten and C. T. Hill, Phys. Rev. D 68, 054024 (2003) 21.5

J. Lu, X. L. Chen, W. Z. Deng and S. L. Zhu, Phys. Rev. D 73, 054012 (2006) 32

W. Wei, P. Z. Huang and S. L. Zhu, Phys. Rev. D 73, 034004 (2006) 39+5

S. Ishida, M. Ishida, T. Komada, T. Maeda, M. Oda, K. Yamada and |I. Yamauchi, AIP 15 - 70
Conf. Proc. 717, 716 (2004)

H. Y. Cheng and W. S. Hou, Phys. Lett. B 566, 193 (2003) 10 - 100 Tetraquark state
A. Faessler, T. Gutsche, V.E. Lyubovitskij, Y.L. Ma, Phys. Rev. D 76 (2007) 133 79.3 + 32.6 DK had. molecule
M.F.M. Lutz, M. Soyeaur, Nucl. Phys. A 813, 14 (2008) 140 Dynamica”y gen. resonance
L. Liu, K. Orginos, F. K. Guo, C. Hanhart, UIf-G. Meil3ner

Phys. Rev.D 87, 014508 (2013) 133 £ 22 D ecule
M. Cleven, H. W. Giesshammer, F. K. Guo, C. Hanhart, UIf-G. MeiRner NEW! strong and radiative

hep-ph: arXiV 1405.2242 (2014) decays of D_'(2317) and D_ (2460)

Mitgliedin_der Halmboltz_Cemainschaft
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DS"* and D_, theoretical overview:

._ A) j0LICH
Hadronlc Wldth FORSCHUNGSZENTRUM

M. Cleven, H. W. Griesshammer, F.-K. Guo, C. Hanhart, Ulf-G. Meissner, arXiV 1405.2242:[hep-ph]

(a) (b) (c)
D+ , T Do , 0 S
TN # st W n &
o
N Ds+ 5 B DS+
K" K+

Figure 2: The two mechanisms that contribute to the hadronic width of the D%,. (a) and
(b) represent the nonvanishing difference for the loops with DT K? and DK T, respectively.
(c¢) depicts the decay via 7"-n mixing.

s Contribution (a) — (b) non-zero form__#m_., m _# m _;: this applies to molecular states

Table 2: Hadronic decay widths from different mechanisms.

Decays loops mV-n mixing full result
D¥y — Dem® | (26 £3) keV | (23 £3) keV | (96 +19) keV
Dy — D% | (20£3) keV | (194 3) keV | (78 +14) keV

17
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DS"* and D_, theoretical overview:

Radiative width

A) j0LICH

FORGLHUNGELIENTRUM

M. Cleven, H. W. Griesshammer, F.-K. Guo, C. Hanhart, UIf-G. Meissner, arXiV 1405.2242:[hep-ph]

Table 3:

The decay widths (in keV) calculated only from the coupling to the electric

charge (EC), from the magnetic moments (MM) and from the contact term (CT), respec-
tively, compared to the total (including interference). The CT strength for the transitions
to odd parity mesons is fixed to data, while that to even parity states, marked as "7, is
undetermined and part of the uncertainty.

Decay Channel | EC | MM | CT | Sum [1] [2] [3,4,5]
D, — D2y 20 [003] 33| 94 || 4-6 | 1.946.47) | 0.55-1.41
D¢ — Dy 42 | 02 | 11.3 | 24.2 19 — 29 | 44.50(45.14) | 2.37-3.73
De1 — D~y 04 | 05 [103 | 252 |[06—1.1] 21.8(12.47) -
De1 — DXy ~ 13| 2 | 13 |[os-08] 0.13(059 -

[1] P. Colangelo, F. De Fazio, A. Ozpineci. PRD 72, 074004 (2005);

[2] M. F. M. Lutz, M. Soyeur, Nucl. Phys. A 813, 14 (2008);

[3] A. Faessler, T. Gutsche, V. E. Lyubovitskij and Y. L. Ma, PRD 76, 014005 (2007);
[4] A. Faessler, T. Gutsche, V. E. Lyubovitskij and Y. L. Ma, PRD 76, 114008 (2007);
[5] A. Faessler, T. Gutsche, V. E. Lyubovitskij and Y. L. Ma, PRD 77, 114013 (2008).

s Only hadronic decays are sensitive to a possible molecular component of Dso* and D_|
s Hadronic width of > 100 KeV: unique feature for molecular state
s Demand for a new generation machine: Am ~100 keV, 20 times better than attained at B factgries

E. Prencipe
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The detector PANDA @ FAIR [EJJNRLY

FORGLHUNGELIENTRUM

@ PANDA is a fixed target detector, with antiproton beam up to p = 15 GeV/c
O Why antiprotons?

access to all quantum numbers!
O Particles in formation:

mass resolution ~ 100 KeV
O Ap/p ~10*; 10°
O High boost3_ = 0.8
O Many tracks and photons in fwd
acceptance ( 8 <30°), high p_, Ey

Central

Micro Vertex Detector Straw Tube GEM Detectors Forward
Tracker Straw Tube Tracker

Shashlyk Calorimeter

"™ TOF Wall

Muon Detection

L=13m

Target spectrometer Forward spectrometer

@ High background from hadronic reactions Solenoid B,=2T  Dipole B-L <2 Tm
O Expected S/B - 10—6 helix tracks parabola tracks
O S (signal) and B (background) have same signature
O Hardware trigger not possible
O Self-triggered electronics
O Free streaming data
O 20 MHz interaction rate
O Complete real-time event reconstruction

19
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Challenges in D_meson spectroscopy LJJMle;

FORSCHUNGEZENTRUM

s D —»D ™D *
p p s s

- 3 states included in this simulation: DS 2535)
-D(2317), D(2460) and D_(2535)

FTRUTH MATCHED VALUES
__pv>50 MeV/c

]
[=]
=]

s Missing mass of D~

improve mass resolution and efficiency
s D_, reconstructed exclusively

to evaluate the width
s Bkg cross section > thousand times
than expected on signal

 Expected ~(10°-10°) - € events/day

high res. mode
E P D (2317)' simulation
sw—— Fit to Sig. events s0 Enmes ) -

I " —— Sig+comb bkg Mean 2317
RMS 0.01624
¥? I naf 28.97/28
Constant 3705+ 74
Mean 2.31775 + 0.00067
Sigma 0.01604 + 0.00018

€ = 35%

=
=]
(=]

=
=2
(=]

Events/8 [MeV/c?]

=
iy
(=]

( ﬁtarida

=
[
[=]

100

II|III|III
Y,
n
~~
N
w
=
~

o o
=] =]
o

=

~

=

©

=

o

«Q

—

D

n

V)]

£
(=]

M
=]

2.2 2.3 2.4 2.5 2.6 2.7 2.8
Ds- missing mass [GeV/c?] 0o

I.\‘}‘:E'P_III|III|III|II
-3
=

s Goals: @ Work in progress

1. Cross section measurement in pp
(unknown, difficult predictions: 1-100 nb) 300
2. Measurement of the width with mass scan
and the excitation function of cross section
3. Mixing between D states with same spin, oo
e.g. D31(2460) and D51(2535)

400

200

0 2.15 2.2 2.25 2.3 235 24 245 25

4. Chiral symmetry breaking, involving very precise DS- missing mass: DS(2317)+ [GeVic']
mass measurement: D_ (2317) and D_ (2460) can ( |:| = @d =
be interpreted as chiral partners of the same heavy-light system 20
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1. Cross section A) j0LICH

FORGLHUNGELIENTRUM

s Predictions are complicated due to the s-quark for D_ mesons: expected <100nb

s Inclusive search: better for cross section measurement, but higher background. Challenge!
s Exclusive cross section measurement: feasible, but theoretical predictions are difficult

Phys. Rev. Lett. 98, 092001 (2007)

P V. Flaminio, W.G. Moorhead, D.R.O. Morrison, N. Rivoire
Phys.Rev. D79, 092001(2009) \g 3 . : . : —
P pp annihilation into charged mesons
o L
514 o Belle: e'e =D D,DD’,D' D’ CERN-HERA 84-01
- . R 2+ 17 April 1984
120 BaBar:ee—>DD,DD.D D
- via ISR

MICROBARNS

10 - +
2 ﬂ + Sum of two body

8
=
%i&j - ]WNT%‘} i ,H"lg*rﬁ*i“ “J[JFJ[JrHJf%T

, 5 5 i 5 3 7 5
3-8 4 4~2 ~ 1 LABORATORYT MOMENTUM GEV/C
\f(s), GeV

CMS ENERGY SQUARED GEVwx2

s Our simulations in PANDA for the D ,~and D_ cross section: p > 8.8 GeV/c
S S 21
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1. Cross section A) j0LICH

FORGLHUNGELIENTRUM

s Better theoretical predictions exist for the charmed ground states (D*, D°)
s Eveninthe D, sector (no s-quark), for excited states calculations are difficult

s Calculation in perturbative regime can under-estimate the real cross section

-
T

aipp=D Iy (nb)

=

=

(=
1

1wk

1ok

6 8 10 12 14 16 18 20
Pt (GeV)

http://arxiv.org/abs/1111.3798

A. Khodjamirian, Ch. Klein, Th. Mannel, Y.M. Wang
22
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2. Scan of D_'(2317)' A) j0LICH

FORGLHUNGELIENTRUM

s D_*(2317)'> D 1f

r=100kev || 1 [ 1

M. Mertens

T
( pand=
T T ]
My =20 GeV I= 100 e
- dp/p=1e-5 r=1.

s PDG: [ <4.6 MeV at 90% c.l.

s Excitation function of the cross section:

4
: 5 ﬁ

3 g(A) = vV/mg |Jf2|—/ dr, ——— T = wl

g +1 J |
] r e 1

3 o(0) = mR |Jf?| E[MeV]
% A (vs—2Mpg)/T 73

E. Prencipe ICHEP Conference, 2-9 July .2014



System of heavy-light quark (¢ = heavy; s = light)

The angular momentum | = |+s (light quark) is conserved
P wave states = j=3/2 orj=1/2

A) j0LICH

FORGLHUNGELIENTRUM

Total angular momentum of the system with light quark + heavy quark: J=2 or 1

States with J=2" or 1" are expected to have a small width (DSJ(2573)+, Dsl(2536)+)

s D_(2536)" can include a small mixing of the j=1/2, JP=1" state

Dsl(2460)+ j=1/2 (supposed to be pure S-wave)
D51(2536)+ j=3/2 (supposed to be pure D-wave)

s Experiments showed an overlap between S- and D- waves
Am = 78 MeV/c?, T <2.3 MeV. Why do they mix?

PANDA could help solving this puzzle

24
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4. Chiral limit A) jiLICH

FORGLHUNGELIENTRUM

B R
( panda ( pandaa
— = — _ “ — Ds missing mass
2 00— Fit to Sig. even _Ds_missing_mass _ s F—Fit to Sig. events i 2,468 £.0.000187
= —Sig+comb bkg Mean 2317 20 ——Sjg+comb bkg Sioma 001865 +0.00029
','_;‘1 00— AMS 0.01624 % C .
2 n . 2 | ndt X S C L
5 AVork in progress Gonsemt amuse7a g30F Work in progress
— * ean . + 0. - + *4
“'D * -D P Sgms 001604 £ 0000t a0 DSl —>DS T
sO S C
300 € =35%

300

200

E.P.

100 [—

T R TR TI RS S T TR | PRI IR AT R ST
2.15 2.2 2.25 2.3 2.35 2.4 2.45 2.5 ok Mo Ly b T
DS- missing mass: DS(2317)+ [GeV/c?] 225 23 2.35 2.4 245 2.5 2.55 2.6 2.65

s The 2 states DS(2317)+ and DS(2460)+ could be interpreted as first chiral partners
of hadrons built with heavy+light quarks.

s The sector of light quark mass is characterized by spontaneous breaking of chiral
symmetry. The sector of heavy quark mass features symmetry

s The spontaneous chiral symmetry breaking leads to a mass splitting for chiral
doublets, expected to be ~ 345 MeV/c®. Experiments quote:

m(D_"1t) - m(D ) = (350.0+1.2+1.0) MeV/c* (D_(2317)" was observed in D "1t
m(D_"1t) = m(D") = (351.2+1.7+1.0) MeV/c* (D_(2460)" was observed in D_* 1)

However, it was never observed in B_systems... -
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Realistic amplitude model in our simulations O JULICH

FORGLHUNGELIENTRUM

PANDA
DS DALITZ 2
14400 events
L. Cao o
© 15
=
QD
e
£
v;le 1
- 0.5
T T (NI - T R N M | B .I:;;ﬁ;.f':
| 1.5 2 2.5 3

mA(K*K-) (GeVic?)?

mAK K (GeV 5

s Full detector simulation
PID: likelihood method

PandaRoot = Root-based framework developed inside the FairRoot project,

for FAIR experiments and PANDA
@ D. Bertini, M. A-Turany, |. Koenig and F. Uhlig , Journal of Physics: Conference Series
119 (2008) 032011
@ S. Spataro, Journal of Physics: Conference Series 396 (2012) 022048 26
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Mitgliedin_der Halmboltz_Cemainschaft

Summary A) 0LICH

FORGLHUNGELIENTRUM

s Several open questions in Charm Physics

s Need precise measurements to better understand the cs-spectrum

s PANDA offers the opportunity to perform very precise measurements

Expected mass resolution 100 keV: 20 times better than B factories

Need very high mass resolution to discriminate among theoretical models
s Simulations at advanced stage in our project

s Wide and ambitious physic program from PANDA @ FAIR, not only in the
sector of charm physics

s Important and original contributions expected from PANDA measurements

27
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THANKS!

“The greatest danger for most of us lies not in setting our aim too high and falling short;
but in setting our aim too low, and achieve our mark_.” (Michelangelo, 1475 - 1564) )8
E. Prencipe ICNPF 2014
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Back up slides
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Motivation: the physics case [J/JURlG
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: : Atoms
Understanding confinement 4.9% E"s;‘:gy
Origin of hadron masses o 68.3%
ar
Matter
through the study of 26.8%

@ Hadron spectroscopy
- Search for gluonic excitations

- Charmonium spectroscopy . '
Particle Hadron Nuclear

- Baryon Spectroscopy 10 Tty
- QDC dynamics o, perturbative QCD strong uci:x
0.8 o,
@ Nucleon structure | Y

- Parton distributions i St
- Time-like form factors of the proton ' ¥ At

- Transition distribution amplitudes .

- Generalized distribution amplitudes 0.4 s
» Hadrons in matter 02 / g
s H ernuclei 10 107 107 10!

yp 0
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@Praha

CZECH
REPUBLIC

"-".'\ .-;-:-h-:-.--. I .-'
L o |
20 < I
N . - .-_‘-q -
'i 7 Antipr:::tons
T A Prcducti:::rl
£

Scientific pillars of FAIR:

1. Atomic, Plasma Physics and Applications — APPA

2. Compressed Baryonic Matter — CBM

3. NUclear STructure, Astrophysics and Reactors — NUSTAR

4. antiProtons ANnihilation at DArmstadt - PANDA -

E. Prencipe From ICHEP Conference, 2-9 July .2014



A bird view of the site A) 0LICH
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12 June 2014

N e e e e -

SN ——

CREC L g e -._.;j vl sy
- i e v
- Ly 3 o g —

— i,

s

Total area > 200 000 m?
Area buildings = 98 000 m?
Usable area = 135 000 m?

Mitglied in der Helmbolie- Cameinechaft
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HESR with PANDA

Stochastic

A) jULICH
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\’\'1-,..4-14-"4—4-—!“—- ( . :
'\;" Electron cooler HESR | |
oG
\, O meceriorsnake seno
"’."f-,._.,,. g - : 15 -2
puiber Wiaclion  AmETY B ST B v T @ Thick target: 4 -10™~ cm
vom CR(RESR™ R cavites ey s » Beam life time >30 min
0 50m

High resolution mode

e  cooling, 1.5< p< 8.9 GeV/c

High intensity mode

33

? @ Stochastic cooling, p> 3.8 GeV/c
@ 10" antiprotons stored @ 10" antiprotons stored
@ Luminosity up to 2 - 10* cm™s™ @ Luminosity upto 2 -10* cm™@s™
® Ap/p=4-10° ® Ap/p=2-10*
E. Prencipe From ICHEP Conference, 2-9 July .2014



The detector PANDA @ FAIR [/ JVAly
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@ Pre-assembling at COSY, Julich
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PANDAROOT status A))0LICH
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Progress in MC Simulation

PANDA Physics Performance NEW FRAMEWORK PandaRoot

Re po rt D Bertini, M A-Turany, | Koenig and F Uhlig
arXiv:0903.3905[hep-ex] e
Journal of Physics 331 (2011) 032031
homogenous B; field B field maps (precision <1 cm)
MC truth track finder pattern recognition track finder

materials (pipes, cables)
— used for track reconstruction
(Kalman filter)

phasespace decays Dalitz models (sub-resonances)
for D and Dg decays

new physics topics
not covered before, e.g. X(3872)

Mitglied in der Helmbolie- Cameinechaft
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