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Overview

« Some Puzzles About Matter

- Using Antimatter to Learn About Matter
* Physics Topics to be Studied at PANDA
* Overview of PANDA Detector

- Summary/Conclusions

Jim Ritman



Puzzle One: Hadronic Mass

* Visible matter is mostly atoms:
The total is the sum of the parts
= True to ~10-8for an atom
= True to ~10-%for nuclei
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Atoms
4.9%

Dark
Matter
26.8%

TODAY

= Wrong by x100 for nucleons (protons and neutrons)!
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Puzzle Two: Why Only Some Types of Hadrons?

« Strong force: only “color neutral” objects (confinement)

\
fore \
0”9[ Gravity

distance

forcc‘ Strong force

>

distance

« Mesons and baryons are color neutral

X

quark quark, quark quark, antiquark quark, quark, quark, quark,
antiquark quark

Jim Ritman
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Puzzle Two: What About Other Combinations?

« There are other ways to make color neutral objects:

e g [+
¥ d& s i

(Zhu)
dibaryon pentaquark glueball

C
C 6/) ™
G @ crrred
diquark + di-antiquark =~ dimeson molecule q q g hybrid

«  Why do we see hundreds of mesons and baryons, but
It Is not yet clear what the nature of some of the the new
X,Y,Z states are?

Jim Ritman
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Puzzle Three: How are Properties of the
Whole Derived from the Constituents?

- How do effective degrees of freedom emerge from the
underlying theory (e.g. hadrons from quarks)?

* What is the deep structure of
e.g. the nucleon?

- How are its macroscopic properties
determined by partons?

Jim Ritman
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Hadron Physics with PANDA (panda
*  QCD well understood at high Q?
Emergence of eff. DoF at low Q2 W~ T |
YR perturbative QCD strong QCD
 Phenomena appear that are hard 08 . |
to predict from QCD: | s
e.g. confinement, nature of 06 e

hadrons, hadronic masses...

* To gain further insight 0-2“//

precision experiments needed: ~-————a ]
107" 10" 10 10"
. StatiStiCS distance [m]
= Resolution

= Exclusiveness

nucleon radius

Jim Ritman
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Why to Use Antiprotons ?

= Annihilation is a gluon rich process

L ¢ JPC=1-
= ~2 GeV annihilation energy

“for free” Production

All Quantumnumbers
] . . possible
= All fermion-antifermion quantum g\ A
numbers accessible (compared to e*e’) B
production reactions L\,, Recoil

Meson

= Very high mass resolution in Eopration
formation reactions Quantumnumbers

like pp

= High angular momentum accessible 0\ /L
/V \

Jim Ritman
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High Mass/Width Resolution, e.g.: |, (panda

Crystal Ball

T . e T ee — QL/' —> 7¢Zﬁ,2 "')’]/'(;VZI / gL’i)"4> 7<}’€?+€3_

[ ¢ =2z Invariant mass reconstruction depends on the
Ml Jme=ry 4 detector resolution = 1 - 10 MeV
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HESR with PANDA and Electron Cooler  panda

Helix dipole ED Stochastic 1010 — 10U stored

magnet N kickers
A —— . —iii e .
P C ) o, antiprotons
'\0\‘ Electron cooler ‘/‘/‘
Vi 2 ",‘ Thick targets
’ £
' | 1 4-105cm2
§ z i
1 IS, 1
[ 2 § Ap/p<£4-10°
\ 5 /
% ¢/ Lumiupto 2-10%
Vg o° cm2s1
p,pbar |njecttoln.hy'. iR ' ——— -
RF cavities Stochastic
e iE_SR — PANDA pickups
0 50m

HESR |

Circumference
1.5-15 GeV/c Momentum 0.3-3.7 GeV/c
up to 9 GeV/c Electron Cooling up to 0.5 GeV/c
Full range Stochastic Cooling | 1.5-3.7 GeV/c
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PANDA Scientific Program [ panda

e Nucleon structure P Momentum [GeV/c]
0O 2 4 6 8 10 12 15

E.M. processes T T T T T T b

AR Q0 DD AN, QD
e Meson spectroscopy %3 D.D. .2 :
~ light mesons i== T =
- charmonium :
- exotic states daqqq ccqq
» glueballs
» hybrids
» molecules/multiquarks
- open charm

Id

(o

nrig,ssg ccg

nng,ssg ccg

e Baryon/antibaryon production 999,99

e Charm in nuclei
: 999

e Strangeness physics _ :
light qq : cc
— Hyperatoms i Ton y
— S = -2 nuclear system o2 » Ner Xe
» =~ nuclei | L | | o |

» NN\ hypernuclei
1 2 3 4 5 6
Mass [GeV/c?]

Jim Ritman
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Hadron Structure with Electromagnetic Probes

Jim Ritman
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Time-Like& Space-Like EM Form Factors .‘;.‘E,

electron scattering annihilation pp <> e*e

e scattering ( Jlab.... A2/Mainz) e‘e <> pp (BES, Novosibirsk, PANDA)
10° : : T T T r = I
- Spacelike From S. Pacetti, arXiv:1012.1232v1 =
10™ 3 . .
G /i ’ E Timelike |
p .
102 | 2
‘ S
= gt "> |
-30 -20 -10 o)

Dispersion relations:

G2 <0 G(qz)_: 1 J‘4m§|mG(S)dS+J-OO ImG(s)ds

Jim Ritman



Proton EM Form Factors in Time-Like RegionngLICH
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Cross-sections: pp — e*e- angular distributions: pp — e*e- :I =
2 q° do ra’ [ ) .,
~ r= = (1+cos” 0 5IN° @ }
Oot ‘Geff 4M 2 d(cosb,,) 8M *r(r-1) o) v
Gy =|Gv| if [Gc|=|Gy| or 7>>1 B .
2.5;— g_i
2 ZT‘GM ‘2 +‘GE‘2 95 22_ } ¥ _i
Gy | = 11 i” sl } { BABAR: (e*e" -5ppy)-
W 1 l £
i - e F } .
' 5~ 0.5F { LEAR (pp) =
| G v CLEO E | | | | | | ‘ | E
107 eff t B 02"/"4' 6 8 10 12
Am .2 o? [(GeV/cy]
a P
1072
G . large error bars above 13 (GeV/c)?
IG/Gyl :
103 e e e g o Inconsistent data above threshold
Q[(GeV/c) ?) o Lack of precise data above 5 (GeV/c)?

Jim Ritman




#) JULICH

ZENTRUM

(Aanda

Goal of PANDA Measurements

Extract Time-Like |G¢| and |G| for proton up to 14 (GeV/c)?
from lepton angular distributions in pp —e*e- reaction
and measure G up to 30 (GeV/c)?

Two major challenges:
- Decrease of sensitivity to G¢ with increasing g2

* Huge hadronic background
o (pp »ntn) / o (pp —»ete’) ~ 1068

Jim Ritman



Time-Like Form Factor Measurement
with PANDA : Estimates of Precision
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-VDM: F. lachello et al., PLB43, 171 (1973)
...extended VDM, PRCG66, 045501 (2002)

L =2 fb1

Sudol et al. EPJA 44 (2010) 373
Geff: A, e
04| Pa T
., 1 pPANDA"

nelHl 1

pa
= 5 10 15 ':o' 25 l'3(;
ql(GeV/ic)’)

<1% ~10% ~23% ~50%

pQCD ?

Egle Tomasi-Gustafsson et al., EPJA24 (2005) 41¢

o« 3
2.5-
1.5 |4

oM

0.5

o

2- (1]

1

PANDA will bring
Precise determination of |[Ggjand | G, | up to 14 (GeV/c)?

Jim Ritman

i .120. i

\\

s BaBar
= LEAR
= FENICE

PANDA

12 14
a? [(GeV/c)’]

G Up to 30 (GeV/c)? : transition towards perturbative QCD
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Charmonium-like Spectroscopy
with Antiproton Annihilation

Jim Ritman



Charmonium Spectroscopy
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New observations: We must go beyond simple quark models

° new ,XYZ" states (Belle, BaBar,

CLEO CDF, DO, LHCD ...)
masses are poorly known

« often widths are just upper limits;

« few final states have been studied=

 statistics are poor;

* quantum number assignment is

possible for few states;
* some resonances need
confirmation...

* new degrees of freedom: molecules,

tetraquarks, gluonic excitations?

* open questions below DD threshold

widths, branching
* conventional states above DD
* high L states:

access in pp but not in e*e

(28+1)L
J 1S 3S 3P 3P 3P 1P 3D 3D 3D 1D ??

0 1 2 1 0 1 3 2 1 2 ?
&:5000'|' T ] T ]
> 4750 .

Y(4660)
m4500f _v(4415) o
) . . Y(4320) Z'(4430)
= Y(4260) ' -
E 4250 X(4.16°) ) T T 0 Z;
— (4160)

4000, yos0y 7 e 7
XN 2(39303((3;72)‘7 : ' ‘X(s:m)
3750”7 —(E Open charm threshold y(3770) B

rll:(zs) bt _-.‘—— o n
3500 T g |

KC

3250 ’ * Established —
3000—;—(‘18—) Iy * New States —
2750} | Theory
2500 | [ l— | J ! l | I .-. | ,.- | .. l ! l | l

o 1™ 2" 1™ o™ 1" 37 27 17 27 77 JPC

Jim Ritman
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X(3872)

PRL 91,262001 (2003)
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in addition to many more open charm states

Jim Ritman




Beyond standard quark configurations ’JJUL'CH

« QCD allows much more than what we have observed:[IEI

” q g

q
_ Baryons Mesons
EXxotics:
o2 hybrid -
A I ybrid:
|'a. R ' with gluon excitation
- - | may have JPC not
A5 A allowed for qq
|." |‘ ".l glueball:
L 00001 ] pure gluon state
\\./J g \"\/‘ ==
awrard 4 quark stat
R B quark state:
|'1 D .-"l compact 4—quark state
.\‘\ / : ,-/,.
[ hadronic molecule:
|'n Q j"l bound state of two mesons

Courtesy C. Hanhart
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How can PANDA contribute?

Jwrmrtmr, Awm°m®, x.v — Iwyy, Ay, Ilyn, ny
direct formation in Ep: line shapes !
Exotics: compare formation with production

d target: Bn with p spectator tagging, e.g. Z(3900)

peak

W

é‘
Number of events/5 MeV

Number of events/d 25 MeV

J JOLICH
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E MoV
virtual state
binding state

. D*D"™
"(\ I '_ T 1 ]
'|| \'\ _ DODO7° E. Braaten, M. Lu,
of \ PRD 77 (2008) 014029
\ "
; *.l DOp™0 K _
~_ 2 T 0 1 2
~— E (MeV)
0 5 10 15 20
EMeV)

C. Hanhart et al.,
PRD 76 (2007) 034007

Compare lineshapes
in different final states!
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X(3872) da
Upper limit on the branching ratio by LHCb

BR(X=>pp) < 0.002*BR(X=>J/¥r+r)
And BRJ/¥=r'n) > 0.026 [pdgl2]

PR I'<1.2 MeV
Implies:
o(pp=>X(3872)) ~ (67 +- ?) nb
imX(3872) Resonance Scan MC Data | Fi‘;’#ig‘rgﬁ\'}ﬁ'g&fﬁ% %ZTLVSC;';J;LOH Here: assume =50 nb
< 160— 2/ndf 30.91/15 “ .3
§ - igﬁ;‘;in :nx.:m, 3.872 GeV = 5.263 keV Low lumi” — mode 2x1031
(&) 140_— e Signal fit — r)(|t3372‘| 86.9 + 16.8 keV
o Background fit Background Fevel 2451 =180 .
120)- SO Mass resolution < 100 keV

100
80
s M. Galuska

40

20

II\[I\||1I|III'\11|

- .
DTN TR W W0 | ] SR T TS [T T (o O i o U] (S RN Y
3.8716 3.8718 3.872 3.8722 3.8724 3.8726

Vs/ GeV

Jim Ritman
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Exotics production in pp collisions

12 s0*
—t
1 : N
10 ! — ,. %' *. T - 2+-- -
——— il =
9 mmm . -
8 F1<: -'Z;-O XC, xci’ —
- N =_—
7 N¢ == .
EXperiment s
- B 0
CP-PACS —ea—
5 - Columbia
hybrids +—e
4l e < glueballs w—

€ 0% 17 1+ ot 1t 2™ 2t 27 3 3* 3*exolic

Production: all JP€ accessible
Hybrids
I
15, 0 |1+ -
5 s, 1= (09) 0
45 1+ @
4 @ -+
1385 o _
2 JPC exotic
13 E
| Exotic JP¢ would be clear signal
2
115 G.Bali, EPJA 1 (2004) 1 (PS)
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Non-gd Mesons: Charged cC-like States ~ ( Band=

T rvyrJrrrrJ1rr»

« Manifestly exotic: tetra-quark or o
molecular nature [ ‘
- Z(4430)* seen by Belle, not e ™|
confirmed by BaBar E

«  Z(3900)* seen by BESIII, Belle ‘°:
« X(4050)*, X(4250)* seen by Belle

38 4,05 4.3 455 48
M) (GeV)

BESIII, arXiv:1303.5949 Belle, arXiv:1304.0121

Belle,
100! = Dua 70! T PRL 100 (2008) 142001
'\é : L n& 60'; 7\ —F
4 «sse Background i { o
% 80 — PHE:\».‘, % 50 / + e Backgromnd
Q [ \ O b ks | <o PHSP MC
S 60 J[ s S 40! g
o | ! o _ (3! r
E 40‘ E 30‘é
T W10/
O - o _an " - | ) o - " Y 0 x
37 3.8 39 4.0 37 38 39 4 41 42
M (1Y) (GeVIC?) M, (mJhy) (GeVic?)

Jim Ritman
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Non-gg Mesons: Charged cc-like States (panda

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

*  Planned studies with PANDA

= 2 1

Y
o

 production in pp:
pp = Z(4430)* 11+ " .L_

Z(4430)* > @(2S) T X \_\k
- formation in pn: 5 , ]

e 168 0 22 24 26 28

— m(y(2S)n) [GeVZicY
pd > Z(4430) Pypeciator { O g

m(y(2S)r)? [GeVic?)

N
~N

8 R_

i 2 | FwHM: 50 Mev

2 w@2S)m Pspectator ; 20000/ Efficiency: 22%{
must reconstruct the I ~
spectator proton R ]
reduced mass resolution 10000 ]
5000/~ ]

R R R e R

Jim Ritman m(y(2S)r) [GeV/c?]
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Open Charm Spectroscopy
with Antiproton Annihilation

Jim Ritman
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Open Charm The D, Spectrum

Mass (GeV/c?)

! °
! e D_(2860)
2.8 -
e T@D4(2710) o
2.6 :— """""" = = DSZ 1 o
*DgAl D.K
; === oD.(2460)
2.4
[ eD.(2317 e
22 . o
i oD | — Godfrey/Isgur (1985) |
Di Pierro/Eichten (2001) |
2 ?_._ Ds ® Observed
S= 0 s o) 1 2" 5 °
= ' BaBar o
400 *
350 PR D74 (32207
Q0
250 W*
i‘qw

L 0'“’“"6’“0"’.

Th./expt. in qualitative agreement
for D states, but some details open

Many new D; mesons (e.g. LHCD)

new narrow states (2003):
D.(2317) and D, (2460), (and other
broader states more recently)

masses significantly lower than
guark model expectation, and just
below DK and DK threshold

Widths are only upper limits

Interpretation unclear: DK/D'K
molecules, tetraquarks, chiral
doublers, ...? Sensitive to width



Method: Threshold Scan

° reaCtion; 1)1) — D?Df()(_).dl )%
‘ U(S) F /'V\ IN[),‘
3

2,

g

©

* excitation function only
depends on m and I of
D.(2317)

* experimental accuracy
determined by beam
quality (Ap, 6,/p), not
by detector resolution

#) JULICH
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— (m + -mp.s)g) ( B

(m —mp, )2)

dm
(m — mpazi7) ) F/Z
160 ; ' 10 keV
_ = gV e
My= 2D Oe¥ [ = 100 keV
140 1 dp/p: 18'5 =10 MeV - p
120 | I
.'//
100 | / I
80 - p |
60 | 1
ook 000000 == -\ I
,/” ‘\\\
/ A \‘
“r '\ ........ [ ] 7
..................................... o e { /,
0 - \\\‘ el | ’V,/ :
Excess energy [MeV]

Jim ritman



I\/Isum = Mmiss(Ds) + M(Ds)

=== (== [===n) -

Simulation Results: Energy Scan

lamsims ]

T = 100 keV

$83

G O gTF QT G O an

iiii

NS SR AT AT OW 2 O

= e ==
- = -
- : =1 i

SNa LAk 29 df oW e L

]

g

ii

L}

i3

o |keV|

QR0 G O1F BN GW0 L o

NG LN 437 G O 4 40

Jim Ritman
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# Rekonstruierte Signale

4285 42806 4287 4288
\'s [MeV]
l

100 200 300 400 500 600 700 800 9001000

Breite [keV]

A

0 100 200 300 400 500 600
I, [keV]
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Challenges in Open Charm Spectroscopy

Goals
* Cross section measurement PR
D.” Missing Mass
(1_100 nb ?) 200 S g Ds_missingmass_ftm1

Entries 3485
Mean 2.442
RMS 0.1108

- TRUTH MATCHED VALUES
180
—p>50 MeV/c
- D<(2460)

* Measure width (&mass)

with threshold scan

* Mixing between states
with same spin, e.g. 100
D.,(2460)&D,(2535) a0

e Chiral Symmetry Breaking”
very precise mass N
measurement of chiral E. il e,
partners heavy light system =~ = 7 %% oo misnamasicene]’
D.,(2317) & D,(2535)

Events/8 [MeV/c?]

D (2535)
D,(2317)

}III|III|III|III|III|III|III|III|I

Jim Ritman
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Semileptonic D, Decays

- Semileptonic decay allow precision
measurement of CKM matrix
elements |V 4| and |V (|

* Form factor quantifies transition

* FF provides new method to
Improve n,n’ mixing angle

Form Factor
f+(qz)

« Exclusive reco. of both D mesons A—
e : Ds* 3 '.}’:‘;:_’E‘; ﬂ'.:?/-_-r. 550V %

« Competitiveness requires . (
full FAIR facility.

dr(Ds -» viX) G;?
dqz = 24,;3 lvt,’xlzpzalf+(q2)|z

Jim Ritman
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Baryon-Antibaryon Spectroscopy
with Antiproton Annihilation

Jim Ritman
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Baryon Spectroscopy "EET CEFE]
- significant fractionof pp = | FFEF| | LLlsEF
Cross section into final = EE [ == I
™ o | |
State B B + mesons g _ - [Ea”
« almost nothing known on = I
excited states of = or Q i T* 1 ] Ak
hyperons el ]
yE _ | o A o e R B B B S R
* o(pp > ==)=pb e I
a(pp > QQ) = 0.1 pb FEEFIT| LLELL
g 2 - |-
i —|
QF = 0 kxxx
] ] |
Quark Model: B. Metsch et al. | [ ™ ]|["*][*** 5"3*"“* 924 [1L2HN324| 12- || 302- | 502 || 712- || 912- || 1012 1312-




=" detection with PANDA

characteristic event topology
o ~ pb: ~107 =/d produced

final states to be studied:
= 2> =1 =n,AK, ZK,
=(1530) 1T, =17, ...
benchmark channel:
6.57 GeV/c pp> ==t

no empty regions or
discontinuities in Dalitz plot

Jim Ritman

2 6.5:"
L 6 20
. 18
GRS
— 5] ~16
3 ] ~14 3
B g
=1 4 12 @
T M F10 <
3.5—E g
37 6
2.5—; 4
27 2
1.5 -0

M52 253354455556 6.5
m2(Zn°) / GeV?/c*



Charm Baryons with PANDA  «
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- Oyt resuits

Kaidalov (1994)
- Goritschmig (2009)

identification challenging oy
cross section may reach ~1ub, 07 |
but large uncertainty o)

1055

predicted narrow hidden charm
baryon states

can be searched for with PANDA
INN.. 2 Nn.and N" > NJ/y
decay

J.J. Wu et al.,

PRC 84 (2011) 015202

Jim Ritman

50

45 |
40
35
30 F

25

20 F
15}
10 /.
5k
0 b2

1" 12 13 14
p:ab (GOV{C)

J. Haidenbauer, G. Krein, PLB 687 (2010) 314

15.51616.51717.518218.519
(c) Mpn(GeV?)
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Hadron Interactions:
Double Strange Hypernuclei

Jim Ritman
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Production Mechanism and Detection Strategy( panda

@

hyperon-
antihyperon
production
at threshold

+28MeV
slowing down - o
and capture of ﬁ A
E- in secondary -
target nucleus TVVW\ I \‘ RN p
: |

« =~ atoms: x-rays A o A .Q \/\/\/\/'Y
« conversion: ® e W -

= p > AA Y-spectroscopy of \

— excited states 5

AQ = 28 MeV

conversion probability ~5-10%

decay pion
[originally drawn by J. Pochodzalla et al ] spectroscopy
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The PANDA Detector

Jim Ritman
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All PANDA Systems

3 ] s |
i | i

(%4

L)

= III
PR oL

-

Jim Ritman
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Target Systems

Clusterjet- or Pellet-Target

=

I

— 0.25

,_L‘__w—: S S Al e—————— ﬁ
Rosmmmmn

I
N}

rel. intensity

-0.15

0.1

0.05

Jim Ritman -400  -200 0 200 400
X position / pixels
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Target Systems

» Cluster target under construction
2x10% / cm? @ 2 m from nozzle

« Pellet Target with two modes:
» Large pellets - tracking
» Small pellets - uniform lumi

Jim Ritman
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Tracking Detectors

Lambda-Disks @

Straw Tube Tracker
Luminosity Detector

GEM Detectors Forward Tracking
System
Micro Vertex Detector

Jim Ritman
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Tochoicat Devign Repont lor the:

PANDA
Micro Vertex Detett
e A« B

Measure open charm and strangeness, improve
tracking resolution, self-triggering continuous readout o

Micro Vertex Detector

« Realize strip readout

with PASTA ASIC (modified TOFPET)
HVP

* 10 million pixel channels
on 176 modules

3i. * 200,000 strip channels
~on 254 modules




Central Tracker

« STT Production under way

Self-supporting-> Ultra-lightweight construction
~1% X,, 0,~140 um, specific energy loss

Jim Ritman
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GEM Planar Tracker

« 3 disks in forward polar angles
» Detailed design ongoing

\

2 |
Sl 50um
\" polyimide \

Active diameter

900-1500 mm
Pad Plane Cooling Front-End 3 Discs:
Window GEM  Support Support Electroni ~80 kch = 320
k o FEB
Drift stac &. L(\?L/ Shielding
electrode Media- o Cover
Jim Ritman Distribution ~ Distribution 2

Read-out Plane
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Forward Tracking Station

- 3 pairs of tracking stations,
4 double layers of straw tubes each

- 2 design options for station 6
* Very high particle fluxes in stations 1&2
« Various prototypes completed
* Readout: on track

Jim Ritman



Luminosity Detector

Measure low-t elastic scattering

Design based on 4 planes of HYMAPS

Jim Ritman
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Particle Identification Detectors

Jim Ritman



Barrel DIRC

« Compact design

* Profits from late technology
decision (light readout)

- Still in R&D (test beams)

and electroniCS/

2012 data

2012 data: track polar angle 122 deg

Jim Ritman
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Photon detectors (_ A& W ':l =i

\ Radiator bars

Focusing optics

PANDA DIRC prototype
|n CERN beam line (Aug 2012)

= _ti’ | 3x3 MCPs
'Bar — Lens _ Prism & 3
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Disk DIRC da
* Novel, compact PID detector developed
for PANDA suitable for future detectors, .
aons

prototype operated successfully
R&D: Photosensors (lifetime)

(generated) |
) gf‘& Glueball decay |
Readout/DAQ, Mechanics

% § Barrel DIRC
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Muon Detectors

- Barrel, Endcap, Muonfilter, Forward

- Various number of layers interleaved
In the yoke

 Drift tubes with wire and
cathode strip readout
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Calorimeters
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Target Spectrometer Electro-Magnetic Calorimeter

Rad. hard, fast, largest dynamic
range (cooling)

All endcap crystals produced
Crystals for a barrel slice available

Original producer no longer
available: R&D needed to confirm
alternatives
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Magnet Systems

Jim Ritman
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The Computing Challenge

Jim Ritman
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Detector Requirements from Physics Case
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PANDA Trigaer

“Trigger-less” DAQ

Software Trigger
l

Detectors

|

Self trigger FEE

—— Time stamp

Readout buffer

Computer farms
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High Data Rate
|
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HEP Data Size (Byte)
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PANDA — Event Simulation

Jim Ritman
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Event Structure
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Hitstream Display: -

XY-View _

Black circles: Early isochrone
Blue circles: Early skewed isochrone
- Green circles: Close isochrone
\ Red circles: Late isochrone
| Black dots: MVD hits
 Green dots: MVD hits r/z > 0.3
| Black+Red dots: Triplets/Skewlets
| Yellow tracks: Timed out track
Blue tracks: Current track

DPM Benchmark:
Realistic event rate
and structure,
continuous operation

0ns T ] [

Jim Ritman
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Summary/Conclusions

« Many open questions on how complex structures are
derived from underlying degrees of freedom

» Antiprotons provide precision measurements
- Broad/fascinating physics program at PANDA
* Accelerator and detector are on track

Jim Ritman
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The PANDA Collaboration

~ 520 Members, 69 Institutes, 18 Countries
Austria, Australia, Belarus, China, France,
Germany, India, Italy, Poland, Romania,
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