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I ntroduction (1)

L eptons

(& W, T, Ve, Vyy, Vo)

(only weak and e.-m. interactions)

Hadrons
(p, n, T, K, -, f,(1270, )
(In addition: Strong interaction (QCD))
Baryons (B=1) Mesons (B=0)
Mass Region: 140 MeV (r) - 10 GeV (Y)
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| ntroduction (2)

Life times (Decays)
Proton (938) t=o ?

Neutron (940) : T =885s (Weak Decay)
't (140) :1=2.6x10"%s ™)
K*(494)  :1=1.2x107%s ™) |
N 17 ) - Ground States/ Particles
DY(1869)  :1=1.05x10"“s @
BT(5279)  :1=167x10""%s ™)
n°(135) :1=84x10"1s (e—m. Decay) |

f,(1270)  :1=35x10"%*s/T =185MeV  (Strong Decay)|
; - Excited States/ Resonances

Light Hadrons : Few Decay Modes (™)
Heavy Hadrons: >100 Decay Modes (D)
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010001-55
Meson Summary Table

See also the table of suggested g quadk-medel assignments in 1he Quark Model section,

« Indicated paticles thal appear in the peeceding Meson Summary Table, We do not regard the otber entried 34 being established.
{ Indicates that the vahee of J given is preferred, but needs confirmation,
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010001-56
Baryon Summary Table

This thort Eable gives the name, the quantum numbers (where known), 3nd the status of baryons in the Feview. Only the baryons with 3-
of 4-star status are included in the main Baryon Summary Table. Dwe Lo insulfickent data or wncertain interpretation, the other entries in the
short table ane not established a8 barpons. The names with masses are of baryons that decay strongly. For N &, and = resonances, the partial
wave is indicated by the symbol Ly ;. where L is the orbital angular momuntum (35, F, [, ...}, ['ts the isospin, and S is the total angular
mommentom. For A and T resonances, the symibel i Ly 5,
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o0k Existence is cerlain, and properiies are at least fairly well explored,

s Exigtence & Troen likedy Lo cerlain, bul further confamation iy desirable and for
quantum fractions, etc. are not well determined.

" Evidence of exislence jz only fak.
* Evidence of existence it poce.
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Naive Quark Model of Hadrons (1)

Quar k-Species:
q=Uu(=4MeV),d(= 8MeV),s(= 100MeV) ; Q = ¢(= 1500MeV ), b(= 4000MeV), (t(178000MeV))
Light Quarks (mzAQCDzZOOM eV) Heavy Quarkg (M>>Anep)
Mesons: qg, QQ, QQ
Two Quarks with similar masses (qd, QQ) Heavy-Light Quark Systems (qQ)
e O — 110
Q) — 4@ “ ] h
L
Q= Nearly static Glue— Source
Good Quantum numbers: L, S=§+S,, J=L+S Good Quantum numbers: L, j=L+S;, J=Sg+]
Parity P=(-1)-*™ Parity P=(-1)-*
: _(_1\L+1
Charge Parity C=(-1) Heavy Quark Symmetrie (HQS) in QCD:
Decoupling of S, for mg — o
Analogy: Positronium (e*e-) Anaogy: H-Atom

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Naive Quark Model of Hadrons (2)

Two Quarks with similar masses (qq, QQ) Heavy-Light Quark Systems (gQ)
Ground States
T (S=0);L=0n=0 TN @=0);L=0;n=0
Example: 7 = ud (T!); €= 0™ Example: D* = cd (T(j), L(Sp)); P=0
Resonances (Spin Flip States; L = 0)
TT(S=1);L=0;n=0 TT@=1);L=0;n=0
Example: p* =ud (TT); =10 Example: D** = cd (TT) F=1-

Resonances (Orbital Excited States; L > 0)

L = 1: One Singlett and three Triplett States L =1: Two Doubletts

S=0:J¢=1* j=14,:0f,, 1%,

S=1:JC =0, 1, 2+ j=%,: 1%, 2%,

Example: bf = ud (T1); F€ = 1+ Example: D%* = cd (T(j),d (Sp)); P =2

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Naive Quark Model of Hadrons (3)

Baryons: qqq, Qqq, QQq, QQQ
Systems with similar Quark masses (ggq, QQQ) Systems with one (two) Heavy Quarks (Qgq)

(O OKG) - % >
& G @, 04 O))
a4 L?q? gﬂ‘x-- . -
Good Quantum Numbers: (O Good Quantum Numbers:
L=L,+L, =0,1,2.. ° L
S=5+S+S=1Y,3,, ... Jgg=L +Sq=L+S5,+S; + /'
J=L+S =1,,30,,%,, ... J=55+ ]y

P= (-1)L1 . (-1)L2
Ground States

NT(S=Y,);L,=L,=L=0;n,=0 1'=0;S,,=0;L=0
L P=1" LP=1
Example: p=uud (TTl); P=1" Example: At=udc (TT!); P=1,"

A=uds(TT); P=1"
L owest Excited States
TTT(S=3,);L,=L,=L=0;n=0 1"'=0,S,=0,L=1
Example: A* = uuu (TTT); P=3." Example: A (2593)* = udc (TTL); P =1,
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Naive Quark Model of Hadrons (4)

Quantitative Calculations:

SU(N)-Symmetry

QCD inspired models (Bag-Model, Potential Models, ...) «» Constituent Quarks

V(r) & / Ny

confinement potential

4 he
Yir)==—t.—+K-r
[:"} 3 5 =

Vir)— o= for r— o

LQCD

Explanation of most of the states
Decay Probabilities
Magnetic moments

M asses } Ratios

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Naive Quark Model of Hadrons (5)

Basic Flavor-Symmetry :  SU(2) (Isospin)/SU(3)/SU(4)

SU(3) : 3x3=8+1
SU(4) : 4x4=15+1

s JOR LW
47 ?ff@v 2ep

ln-I3
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Naive Quark Mode of Hadrons (6)

Baryons: qqq, Qqq, QQq, QQQ

SU(3) / SU(4) - Flavor-Symmetry — Baryon-Multipletts
SU(3) : 3x3x3 =105+ 8,, + 8, + 1,
SU(4) : 4x4x4 = 205 + 20,, + 20,, + 4,
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Extension of the M odel/Exotic States (1)

Problems with the naive Quark M odel

— DIS-Experiments:

— Mass of the Hadrons much heavier than expected:
Example (Proton): M = 3 x 5MeV
Mep. = 938MeV

— Many of the new discoveries don't fit into the picture (see later)
— QCD allows many more states than described by the naive model (Exotic States)

} L arge dynamical mass generation process

gg).(ggg) Glue-Balls cgj:’;p Soliton-Type States
(Gqe) Hybrids %
L ]
(qq) (qq)  Diquonium :S (qq) (qqq) Penta Quark States =E
=\ (07 - X —
@@ Mesoniom 38 B .
(qqq) (qqq) Baryonium e O (qqq) (qqq) Dibaryons o0
® O o0

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Extension of the M odel/Exotic States (2)

Three categories of Exotic States

Mesons Baryons
eg..1/|9/7]|C|/|B|>1 eg.. 1>32,5>0,C<0,B>0

2. | FC=0",0, 1+, 2+, (Exot. Q.-N.) —

3. | Surplusin Multipletts; Masses, Total- (Partial-) widths at variance with
naive Quark Model predictions.

Often characteristic for exotics. Long lifetimes (I" small)

Reality: Mixing of states with same quantum numbers:

Meson = aqq + a,qqqg + agqg +..

Baryon = bquq 4 bzqqqqq + bgqqqg + } Fock space expansion

Nalve Multi- Hybrid
Quark Quark- States
Mode States

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Extension of the M odel/Exotic States (3)

Best, but very tedious solution: Solve the QCD-Lagrangian (L attice)

Good example: Glue-Ball-Spectrum
12

(0" -

I |
N

10k 27—

Bk
0 | g

) 0  —
=6k |:|”

.= =

=

4 O —

3
I‘
et

T
,wﬁl Ge Vie?)

1
[—

2 F

0 0

In parallel: Model calculations
BAG Modd — Properties of g, qgg-states, but also:

Flux Tube Model Hybrid state predictions
Quark-Molecule Models Spectrum of molecular states
Chiral models Prediction of Parity-Doubletts, ...

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Production of Hadrons

Electromagnetic Probes
Low Energies: v (2GeV) p—»0" + K2 (ELSA/Bonn)
LnKT  Lr'r
High Energiess € (9.0GeV) e’ (3.1GeV) - D¢3(2317)+ X (BaBar/Sanford)

'—»Dsno
s Q7T
LK K™
Total process calculable, small cross section
Hadronic Probes
Low Energies: p(200MeV)p— G+’ (LEAR/CERN)
o 0n
High Energies 1 (500GeV)p—> D* + X (E791/ Fermilab)
LKttt

Large cross sections — High sensitivity for rare states

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Deter mination of Hadronic Properties (1)

Mass/LifeTime:  Long living particles (Protons, Pions, - ):
Deflection and TOF in combined electr./magn. fields

Short living particles/Resonances (f,(1270), A*, - ):
Invariant Mass Spectra of decay products

Examples: p° > n'n (2 Particle Decay)

S L o l2 |
m_. _={(En++En_) -(P++P_-) } (Invariant 2— Body — Mass)

T T T T
N A
T.0
1%
%
b
/ ------ .
) Mo
combinat. BG

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Deter mination of Hadronic Properties (2)

D — KKn (3 particles)

1/2 _
My K :{(EK +Eg + E,t)2 —(Pk +Pk +f’n)2} (Invariant 3— Body — Mass)

16000

N*
=~80.000 Y~ s
14000

Signal
Events

12000

10000

6000

events/2 MeV/c*

4000

2000

0
O
O
@) O
LI L I L B B B B R

1.85 1.9 1.95 2

m(K* K™ ") GeV/c?
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Deter mination of Hadronic Properties (3)

SpinParity (JP):

Long living particles (Proton, Neutron, A, Antiproton, -):

Deflection in inhomogeneous B-field, Rotation in homogeneous B-field, Exot. Atoms

T
Resonances: \e
Angular distribution of decay particles T~ N 00
= ——
. (®) = cos? (0)
Example: D% — p%r°® (0" — 1~ + 0™) o= |

bt
n9%(p?) are emitted isotropically
But: Preferred direction of w* (n-) in respect to p°-direction
Reason: p° is polarized
| +(®) o< cos? (®), Characteristic for J=1 intermediate state (p°)

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Deter mination of Hadronic Properties (4)

Specia diagram for 3-body-states : Dalitz Plot 5
Example: D? — KOKTK ™
| nterference between

0 — KK A,
and (skalar) background:Ag

2_ 2_ : |([)2 ‘Illllllllll.l.lljILIJIL'.I
Al —‘AS"‘Aq)‘ —‘AS"‘COSﬁ',S'n(P e" B CRED G RE 1
/2 m*(K* K7) GeV*/¢*

( M K+K_—M¢)—irl2 near resonance

O(M - ) =scattering phase; 90° a m .- =1020MeV(0)

In addition:
ap(980) - KK ™

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Experiments/Analysis M ethods in Hadron Spectroscopy (1)
Example: BaBar-Detector/SLAC/Stanford

1.5 T solenoid )
(superconducting) Calorimeter

6580 Csl(Tl) crystals

Cherenkov . o
Detector ama SO X 7
144 quartz bacs
11,000 PMTs

et (3.1 GeV)

Silicon Vertex
Tracker

5 double-sided
layers

e~ (9 GeV)

Drift Chamber
40 layers

Instrumented Flux Return

18-19 layers
On-line-Computer - Farm: Reconstruction
10° channels — Momenta, Energies, Directions
Particle masses, Secondary Vertices
—

On average 20 4-vectors per event

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



HP33 Prompt Reco Exportimport Production RecolSim . Analysis
- Catamoves
I D atamowesd Datamaoves Datamowes E<S004aa500 b atamoweb Datamoved [ratamover Datamovez
Easnnseasnn EBDRIT00 o enn E Im partEspat E4500/A3500  E45000A3500 — E4G0/AZE00  E4500/4350
Raw 5T8 Reco STB [ . =7R Fawke: 5TB  Fast.5TH & RawiRec STH  Fast1.5TH
Testmovel Tedmowez B ; j
[ ObjyCondz BB =
H;:igf:t: B Ges J\ Redwoods
= wl_ FTF Recall Mo
] o | -~ Recall
ﬁ ] ;
i
Tapern-:me1 & 10410
Tapemowvez =
SiG
Tape )
£ 10014 515
Tapdmoved |2 I
Z0rEd I
-
zDevelopment Ghire E10K Fast
HP3SText i - B4CP U 3228 Cata
% IR2
Onllne Py
Objyseni E460 4F L e
ZB ASD00 I3TH
10420
ikt Hlliﬂ _ 3
Builf3 [1
E (' TTEISec o PSS
Ferchenin Dzb%’;il"‘;gfﬂﬁéj ;E% — — bbr-sn(2
EEQ00/#.3500 . E<k50/B ayde| 25 WME Crates
Dbjylockt i =
I SURREYDS BCPL46E ki 100GB Dide z | iy
i scsl
— 81— (5h Fthemet

—=i0— {00Mb Ethernet
InputfCutput Data Rate

> Logical cata flow

BaBar Data Movement

Fambass

Prompt Reco
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rsirfaccinifdisplay_febR8.4.1c, Event 1 -- Parallel

> Bab. . @i 104 PM
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Experiments/Analysis M ethods in Hadron Spectr oscopy (2)

Analysis of Data (10° hadronic events ; 1 Peta Byte)
Example:e* (3.1GeV) e (9 GeV) — D + X
L om*
Cuts: - K'K™

— At least two charged Kaons in event \
— 3 tracks with different charges (Q=x1) with common vertex
— 2 tracks must belong to Kaons of different charge,
3. track must not be a Kaon
— Momentum of (KK)-systemin ete-CMS must be > 2.5 GeV/c
(Select jet-like (non BB) events) Optimization of all

D}f/, cut parameters via
q neural net- and evo-
« i ithm-
ot i e lutionary algorithm
> techniques
Q5
F

— K*, K- must originate from q)—decay;
— |cos 6+~ | > 0.5 (Helicity Cut; J = 1-system (¢) emitts (K*(K-) preferably
along/against flight direction) |

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Experiments Analysis Methods in Hadron Spectr oscopy (3)

N_Kgonen == 2 P_fil=0 | 2 KaonlD, 1 |KaonlD I p*{Ds Kand) = 2.5 Ga\lie I
1 S0 L D—
m.-\\h\- \—\_“ o \_\M\.
e s
501 : 1000 : a0+ i
00 _""'——-.‘____._*-.‘-l-‘ TOoO0 i
m}l d i
600 - " 4000
- B0 s
2000 |
Py 3000
1500 ]
il 30000+ 200
R 20000+
200 P00 9
001 105 ey
o T T T T Ll | T T T T - T T T T 05 T T T T
152 B4 194 s 3 92 i i 198 2 iBE B4 196 198 F 192 1 196 v 2
mii* K =) [Gevie ] mil* K =) [Gaic ] miK* K 12) [Gevic’] miK* K =) [GeVie]
1.0 < mii+ K<) < 1.04 Gav I |cosii, )| = 0.5 i Result Full Statistics
- _ - T T T T T S 1m,= — —
ml
14000 ’
700 L
12000+
m-
§0000
500 L
&0 . B0
3000 B BI04
200+ il 4000 :
ﬂ-
100 o8 20004 :
a5 T T T T a4 T T T T o T T T T =y T T T T
182 184 I8 @@ 32 182 184 18 188 32 LE-BRE "S- T - 182 194 196 188 2
mi{K" K n%) [GaVic®) miK® K =%} [Gevic) miK" K ') [Gavic”) miK" K nt) [Gevie’]
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Overview on Exotic States (1)

Glue-Ball Candidate

f,(1500) (Best candidat for the Glueball-ground state)

Production: pp — f,(1500)n° (Crystal Barrel/LEAR) w5 |
Decays : fy(1500) — 2m, 4w, N, ', KK |
M = (1505 + 9) MeV ; T = (111 + 12) MeV ; JP¢ = 0**

GeV'/c

2.

Exotic? E
— Surplus state in 0**-Nonett ﬂE’ |
— Relatively narow width p |

— Decays in particles, which contain u, d and s-Quarks
— Mass and Quantum numbers in good
agreement with mit Lattice QCD-prediction for the
Glueball-ground state

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (2)

Meson-like states with exotic quantum number combination

7,(1400) / 7,(1600)
Production/Decays :
np— n,(1400)p (E835/BNL) and pn — m,(1400)n° (Crystal Barrel/LEAR)
- SN
np— 7w, (1600)p (E835BNL) and pp — w,(1600)x* (Crystal Barrel/LEAR)
=TT L
M = 1400, 1600 MeV ; I" = 300 MeV ; J¢ = 1 (Exotic Q.-N., At variance with naive
Quark-model)
@ — pl:??l:l:l CH, Abada of al, PLE 42319981175
% - 3 52 500 E.
i 5 [ a,(1320) T
Exotic? g 3 + B,

Exotic J“-combination i

Hybrids?

1 2 a,(1320)

. 7 3
Multi-Quark-states? e, [Gev?rc [ o .

C ominx)  Geve

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Stateswith Open Charm
D* =cd; D° = cu (+Antiparticles)

Overview on Exotic States (3)

Ground states : 1(F) = 1/,(0")

D¢ = cs (+Antiparticle)

Groundstate = 1(JP) = 0(0")

] =L +5s,(Good g.-n. for m; — oo)
Sq J= J + SQ
P=(-Dt*
Symbol: n>SHL , nL, P (S=S,+s)

Level Structure (Dg), ..
[GeV]

& =2
Ds j=13 (3G4)
n=2 S
Ds =13 (15) =1z (3P4)
=3 (1P.Y =3/, (3P N
== =3 (\P4) j=32 (3P2) DSH
F'fa (*Pa) DgI{
De = (38;)
Ds 77 18
0 - 0 1* 2 3 p

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (4)

D*,(2317), D,(2458)

Quark-Potential-Models in the D, Sector
(e. g. Godfrey, Isgur & Kokoski)

Already known states:
D, Dy(2112), D (2536), D (2573)

Recently disvovered new states
(BABAR, BELLE, CLEO, ...)
m=2317 MeV and m=2458 MeV

Masses much lower than predicted values

States below DK - and D* K -thresholds,

respectively, and very narrow ! (I'<9MeV)

D. : Energy Scheme

3
& Prediction _
S Measurement
D g | B
9 2.8_
- 26—:_ s -
o D, - D*K
2.4—_ D J _ 0
T (2488) T :D K
] . D
2.2~ Dy (2317) -
DS
1.8 | I | | |
0- 1- o* 1+ 2F 3-
JP

(* = nat. Par.)

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (5)

%(2317)* —» Din® (BABAR)

16000

14000

12000

10000

events/2 MeV/c?

8000

6000

4000

2000

D! - K- K-n*
cdp - K"K~
« K*0 — K* =+

S+
BABAR D7

1.85 1.9 1.95 2
m(K* K™ ™) GeV/c?

0 —vyy

BABAR o

N N
O o)
O @
@ @]
O O

15000

events/2 MeV/c?

10000

5000

\ll\.\l\l.\\ll‘\\\l‘l\ll‘llll

| \
0.1 0.15 0.2

m(y 7) GeV/c”

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (6)

%(2317)* —» Din® (BABAR)
Combine D; candidate with ©t° candidate
narrow signal at m = 2.32 GeV/c? (= 2200 events)

N

C

» 800
700
™ 600
500
400
300
200
100

5 MeV

events

9 J T S A

no signal in sidebands (D, ©t°)

e = signal associated with D and rt°
known state D;* (2112) — D;n° also visible

< 900 -

T TTT

\\H‘\HwHH‘HH‘HH\HH

T
%
>
Py

* (21 12) D°K threshold

l

D*. sidebands

2.1

22 2.3 24 25
m (KK " n°) GeV/c?

BABAR

000
730

= N

1250
1000
750
500
250

events/7 MeV/c?
o
e
S

nomdebdﬂds

| | |

22 2.4 28
m(D% 7 y) GeV/c”

HwHH\HH\\H\\HH‘HH‘HH\HH'H

o
N

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (7)

D%(2317)* : MassWidth

450 - BABAR } a) D;](2317)+ — Dg 0
o400 Df— K*K—rt*
\ C
> 350 £
= zgg - - M =2316.8 + 0.4 MeV/c?
= t —
8200 +++ ++++w ; c = 86+£05MeV/c?
© 150 gt _
oo * Uttt Resolution from MC:
50 &
0 E R T N S N S N NN SO NN S N SN RSN R G j— 8_9 i 0.2 MeV/C2
2.1 2.2 2.3 2.4 2.5

m(D, 7°) GeV/c?

D:,(2317)* — D! 10

‘“g D! — K*K-m* O
S
N
2 M = 2317.6 + 1.3 MeV/c?
c = 88+1.1MeV/c2
Y L S S SR R R
2.1 2.2 2.3 2.4 2.5

m(D, °) GeV/c?

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



D*,(2317)* :

Events/5MeV/c>

Events/5MeV/c?

80 T

Overview on Exotic States (8)

CLEO/BELLE

CLEO
m=2318.5+ 1.2 MeV/c?
0c=8.0+12MeV/c?

40

N L L L L BN
@ |

——qq Monte Carlo

m Data

2.20 2.30 2.40 2.50 2.60
M(D,°) (GeVic?)

40 —

0.20 0.30 0.40 0.50 0.60
M(D,n%)-M(D,) (GeV/c?)

Events/5MeV

BELLE
m = 2317.2 + 0.5 MeV/c?
oc=7.4+04MeV/c?

0

_r:|||||\|||||\||\||\||\||\||||\\|||||||\|||||\||\|
01 015 02 025 03 035 04 045 0.5 055 06

M(Ds 7°) - M(Ds)
GeV/c?

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (9)

DZ%(2317)*: Decay Scheme

?
D/(2317) JP=0*

D,(1969) JP=0-,1=0

1) Forbiddenfor 0 — 0

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (10)
5(2317)*: Quantum Numbers

= ?: Not seen in Dfn* and Din* (CDF) = | (D2(2317)) = 0 — Transition isisospin violating
JF="2

0

2 2 2
C o F C
Flight direction 15 0%0ee® s | 15 F 000
in CM 0 N 5,1 o0
D .............. ; rE ; .. C
sJ(2317) 0.5 ) w

- - BABAR
O :‘( | Il Il ‘ | | Il Il O :’( | | Il ‘ Il | | | O :‘( Il Il | ‘ Il Il Il |
D -1 0 0 1 —1 0 1
s cos 0 cos 0

cos 0
Angular distribution consistent with being unform — J° = 0" or isotropic polarization

—In conjunction with unobserved transitions:
JF = 0* highly probable

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (11)

D,(2458)*: Belle, BABAR, CLEO, ...

— Dy

BR | D_(2457
{ o )e D*m

0} =0.38+0.11

M = (2458.0 + 1.4) MeV/c?
I'=(8.5%1.0) MeV/c?

% 250 F
~ i
0 |
= 200 | (el
=200
>
Decay Scheme: C150 - ”
)
> 2
) ®
D,,(2457) E
" ! 0 \ :
w (CDF) ¥ D¥(2317) JP20* %0
(z*1c) (CDF, Belle) 2 )
D.(2112) 7

D(2112) JP=1- 005 25 24 25 26 27 28

m(D*, ° ) GeV/c?

D,(1969) JP=0-

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (12)
D,(2458)* : MassWidth

= m=(2458.0+1.4) MeV/c?
" Ggauss=(85%£1.0)MeV/c?

LA
0.25 0.5

L I I T
2.1 2.45 2.

m(D*,7%) GeV/c? Am(D™, °) GeV/c?
100
{80 — c)
>
)
= 60 [
I~
a0 [
T
Q2
()
O | ‘ | | ‘ | O | | |
0.25 0.5 0.25 0.5
Am(D™, °) GeV/c? Am (D™, 7% GeV/c?

AM(Dgy) = m(Dgy) —m(Dy)
AM(D%n°%) = m(Dgy =t ©) —m(Dyy)

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (13)

D,(2458)* : CLEO/BELLE
CLEO

m = 2463.6 + 2.1 MeV/c?

0=6.1+11MeV/c?

T T ‘ T T T T ‘

D,,(2463) () |

20j

10 |-

Events / 5 MeV/c?
o

20j ]

10j

01 02 03 0.4 0.5 0.6
M(D,yr°) - M(D,y) (GeV/c?)

BELLE
m = 2456.5 + 1.3 MeV/c?
o =5.8+1.3MeV/c?

Events/5MeV

001 015 02 025 03 035 04 045 05 055 06

M(Ds* 7°) - M(Ds*)

GeV/c?

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (14)

D,(2458)* : Spin/Parity

uncorrected Efficiency

corrected
80 20
Y : 5 :
80 - 15 3 10 :_
/(ﬁb .,;.g_+ ++1n;_ . R ++
D,;(2458)* m% ? 5 __DD | Co + +I
° 0 1 % o 1 %o
cos 4
O 1* 1 Z i
15 [ 15 15 15 19
10 — 10 — 1[}3— 10 :— 10 —
oo ¢ ¢ ¢ ¢ .9 | ¢
5 # 5 +‘+’ 5 _ 5 +‘+‘ 5 (
p L—— 1 - 0 L L 0 o s

cos ¥
D ,-Polarization unknown = No discrimination between J° = 1*, 2, 3*

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (15)

D, -Production in B-Decays (BEL LE):

B—D D,(2317)

D,(2317)—>D 1"

B—D D;(2457)
D,,(2457)—Dxm’

Events/ (0.01 GeV)
Events/ (0.01 GeV)

B—D Dg,(2457)

D,,(2457) —DgY

22 23 24 25 26
M(D_) (GeV/c?)

BF(B — DD*,(2317)) X BF(D%(2317) — D°) = (8.5+2.0+2.6) x 104
BF(B — DD((2458)) X BF(D,(2458) — D*r® = (17.8+4.245.3) x 10
BF(B — DD((2458)) X BF(D,(2458) — D.y) = (6.7+1.3+2.0) x 10

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (16)

Angular Distribution of D,(2457) — Dgy

Events/ (0.25)

12

10

S o L L L

BELLE

/
\\\ —’
1 1 | L1 1 1 r | I — | 1 1 1 1

Consistent with
JP = 1* Hypothesis;
O*, 2% excluded

-0.5 0

cos(6p,,)

0.5

-

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (17)

Explanationsfor D%(2317)/ D,(2457) :

— 01" cs-dtates?
Very problematic to achieve aconsistent fit for al cs-states
Also very difficult to reproduce in LQCD-calculations

— DK-Molecules

— Charmed Cousins of the light scalar nonet
— Charmed Four Quark States

— Chira Multiplets of Heavy-Light Mesons

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Charmonium-like State : X(3872) — J/y ntn~

BELLE finds new, very narrow state in the decay
B*— K* (J/yrn*n-), Jy —» u*u- and ete”

Confirmed by CDF

Overview on Exotic States (18)

soof- v(2S)

100 |~

Belle

0 bl 1 | IR T

Events / ( 0.005 GeV)
ro @ [
oh (=] n

[~
(=]

=
o
rT7Trrrr 7T rorrT LI

0.

- M@yrm)-M(Iy)

M = 3872.0+ 0.6 + 0.5 MeV
I'<23MeV (90% C.L) !

-
o
T T

1
3.82

3.9
M(J/ y rcn) (GeV)

Number of Candidates/ 5 MeV/c 2

Run Il - CDF Preliminary ~220 pb™!

2500
zoooé
1500é
1oooé

500

1 Mass: 3871.4 £ 0.7 (stat) MeVic

2
3678 + 99 y(25) M(==) > 500 MeVic

Mass: 3685.67 +0.08 (stat)zMeVIc2
c:3.41 £0.09 (stat) MeV/c

704 + 67 Candidates
o (Fixed): 4.3 MeVic”

h J
* *, ¢ ¢ ‘»“

3.65

37 375 38 38 39 395 4
Mass of J/ yn "1 Candidates [GeV/c 7]

CDF, preliminary, Bauer, QWG 2003

M =3871.4+0.7+ 0.4 MeV

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (19)

Charmonium Level Scheme

A A8 0
& 4 O - _1 XC2(2 P2) '~
> 1 — y(13D;) @
5 [ = Xa(ZP) (TD,) Yoy &
= = e . Xco(23po) \“
3.8F 13D
[ (220 j‘ DD
3.7F w(2°S,) 6.3
3.6 FN(21S))
3.5F —5.5
3.4F
3.3F —14.8
3.2
3.1 —4.1
3.0 Ut
-nc(llso)
2.9+ —13.4

IP=0+ 1- 1+ (0,1,2)* 2 (1,2,3)

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (20)

X(3872) : Interpretations

oy(1°D,) D-state(L=2) has negative Parity; J=2 forbids decay to DD
State narrow, if below DD"-threshold
But: Models predict large partial decay width for n*n-J/y-decay

Models can’t explain the observed 3D-pattern
oy(1'D,) decaysdominantly to h,.; decay to n*m~Jy is suppressed

eDD*% M olecule?

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (21)

Rediscovery

N.(25) = n¢ — KEK*n~ from B-decays (Bell€)

_ o M=2978 + 2__ MeV/c?
m(Nn(2S)) important for determination of =22 + 20, MeV/c?

cc-Hyperfine interaction

M=3654 % 6 MeV/c?

Production: B — K 125 [=15 £ 244, MeV/ce
Decay: N(25) = KAK 1~ N
M(n(2S)) = 3654 + 6 + 8 MeV/c? s
I'(nJ(2S)) <55 MeV/c? %40
if
Discrepancy with respect to Crystal Ball
measurement (m = 3594 + 5 MeV/c?) 0

2000 3100 3300 3500 3700
Mgy, (MeVic?)

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (22)

W—onl25)
& KK : BABAR/CLEO 5\

o o .
& M(1’,) = 3637.7 + 4.4 MeV/c? |+ | | e o3
(7] H :
_|g) F(T]’C) =19 + 10 MeV/c? + +CLED O3
i = :
: ' +BELLE 03
- BaBar 88 fb" :
: Preliminary e BELLE 07
PR [P WU [ | —C.BALL 22
] 1] T ] ] u 1 u -
| CLEO Il / 1.V Data 13.4f6
| T T T I T SR R BN PR R T TR T N SR SR T |
3530 3600 3670 3640 3660 3680
Mass (Mev)

CLEO Il Data 9.2 "
Prelminary

MNumber of Events / 8 MeV .
c0saBR8EsA SR8 B8 8

w § LS | | ; T
56 2.8 30 32 34 36 38 4.0
MK K ) GeV)

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (23)

Exotic Baryons/Penta-Quarks

Non Exotic Baryons : Three Quark Model
333 =1, +8,, +8, + 104

- ¢ 1\ an/
Farbe |
® ©® @ =
T+ SELI E SQuack  Decuplet of 3q baryons
T ,» Costs*

s =51
.. s I E*UEE;] 150 MeV
- Etﬂ

Prediction | QD (1(1682)

Only states with zero or negative Strangeness possible
Positive Parity States only possiblefor L >0

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (24)

Particularly Interesting Baryon-Model: Instanton-induced interactions/Soliton-Model

Valence Quarks (For light quarks only)
m

q Quarks interact via changes of the QCD vacuum
0 Quarks and Sea Quarks are dynamically coupled
m, Constituent Quarks acquire their mass by spontaneous symmetry breaking

OQO OOOOO
OO OO O SeaQuarks - Exotic quark configurations should exist
(QCD-Vacuum) Lowest lying Baryonmultipletts: 8, 10 and 10 !
‘ Polyakov (1997):
4 M (©%) = 1530 MeV/c?
uudds (©")
ddsst (£-)
uussd (Z+)

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (25)

Experimental Evidencesfor O*:

Exclusive Reactions
vp(d, C) . SPRING-8/CLAS/SAPHIR

PP . TORCOSY

(Semi)-Inclusive Reactions

K+*Xe — KX ITEP
VA — pK2X CERN/Fermilab
o)A — pK2X HERMES/ZEUS/COMPASS

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (26)

LEPS-Coll. @SPRINGS ~ * SPrine=8: synchotron radiation facilt

e photon beam 1.5 - 2.4 GeV

target |
vertex detector w

e charged particle tracking in magnetic field
—+ momentum

e time of flight (ToF) measurement

—+ particle identification: Mgy = p -/ (t/s)* — 1

ne
]

Counts

g P
1 M

v

Miof *Charge (GeV/e %)

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (27)

L EPS-Coll. @SPRINGS AT R

distribution of “invariant” and "missing” —masses

ME, = \,/ (Pinitiat — Prc-)"

Th 3 3b eves
— =] - M = 1540 +4— 10 Me'
o "B 16 I < 25 MeV T
z = r
E 10 3 0
g g 0F .
' s THIG
] [ I‘;li L'\—
st e U H
E i D:u-ur-|||||..|-|4|||||.li.l-|.
bt 1 1.4 18 .13 15 18 17 18
Invariant K *K”mass (GeVic %) missing K~ mass (GeVic®)
comecied for Fermi-momeanbum

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (28)

SAPHIR Spectrometer/ELSA CLAS Spectrometer/ CEBAF
Jefferson-Lab/Newport News

hep-ex/0307083

hep-ex/0307018

magnetic dipol field Er:“ =2.6 GeV
drift chambers N, =10 /s toroidal magnetic field E)" =6 GeV

time-of-flight counter drift chambers N, =1 0/s
time-of-flight counter

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



SAPHIR

Overview on Exotic States (29)

event selection — kinematical fit

msE:':- 0.5

N=63*13

M = 1540 +\- 8 MaV
I' =25 MaV

counts

P I I I ol (|
i4 15 18 1.5 1.8 1.8

massinK  VGeV

g 140 &
] 8 (1540)
: N =128+ 30

- B B 2R E

h B = &

1.4 15 1.8 T 1.8 1.9

mass(nk )/GeV

_aﬂnr sideband subtraction

mass(nk 1r}a’GEI‘I.I’

. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



CLAS

Overview on Exotic States (30)

toroidal magnetic field g
drift chambers

E." =6 GeV

N, =10/s

photoproduction off

deuteron target:

proton target:

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (31)

photoproduction off neutrons (deuterium target)

CLAS

M = 1542 +/- 5 MeV

I =21 MaV
= f sf N =43
g 0 ot
0 neutron rT
= "
5 - !:u-
0w | ol 1
1]
!I-
h h L --J- i & 1.7 i i Ll | II]ﬂ
BA5 BF 085 1 185 L1 LIS 13 128 L5 14 L7 1.8 ¥

Mmiss /GeV M(nK ") /GeV

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (32)

photoproduction off protons

CLAS K
¥ P
S
p e ™
. cos By > 0.5 -
ﬂ [Fﬁﬂ} n; [ b= 1540 +/— 10 by
eI Y e
_lr It} M =25
I Iz
4 \’kﬂ i :
"Ii iE ¥ 1:|- 8] i: i
Wik ) GV MinK °) /GeV
a
Y o
L ft*‘" K* discrepancy
p—‘ﬂ" 8 . with SAPHIR 77
B
cos B, <0.5 !
‘E . A . M = 1571 +/- 4 MeV
5" e [l . @+ | Te10mev
- i " § Ii'
- ."' L_‘ ] '-|_|-
- ;.} [ 1 r I]" JLIl.ﬂ
Mmiss (K?/GeV Mmiss (K?yGev

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (33)

COSY-TOF pp — O — Kopz+ hep-ex/0403011
#9900 [ | Entries 539
i 74
o0 F (#
o | gr+ b M = 1530+ 5MeV
_ S
B0 — ‘#’TJT} I'<18 MeV
of ¥ &
o b 9 P
0 : | | [y | | L
1.4 1,45 1.5 1.595 1.6 .65 . l,..l,?
M) =y

6=04+01+01ub

i
|

orbit. units
3 3
[ [
3
4
—F-
%

e
*

s
‘-\‘-‘\.
1 1 1 1 1 1 1 1
.4 1.4= 1.2 1.33 1.6
MK R in Gav, et

g
|

:
I

3
|
[T

=]

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



Overview on Exotic States (34)

DIANA/IITEP  K*Xe — KOp X

(K*n — K° p)
- - P, < 530 MeV/c

Lt -1 ‘Require 0,<100deg. & 6,<100 deg.

*Remove cos ¢, <0 < back-to-back

3 - B Kfrn— 0" «4» 0"—K'n

o I'=0.9+0.3 MeV
i [ Cahn and Trilling hep-ph/0311245
L M= 153942 MeV

L T <9 Mev
| consistent with KN phase shift

! analysis by Arndt et. al.
I Phys. Rev. C68, 042201(R)
hep-ex/0304040
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e CERN (WA21,WA25WA59)
FNAL(E180, E632)

v(7p) = p(ph) pKE X

M = 1533 +\- 5 MV

e L
= L ]
|

) o C e ey
e DESY (HERMES)

eD = pKIX

5

™

hﬂ

b

in

Jam

= M = 1526 +\- 4 MeV
- I' « 20MaV

i 145 15 L& A LeS 0T
M (prn Gel
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Summary of positiveresults

Experiment ©* Mass (MeV) I" (MeV)
LEPS/SPring-8 :1540+10+5 :25
DIANA :1539+2 +few :9
CLAS(d) :1542 +2 +5 : 21
SAPHIR :1540+4 +2 =25
ITEP(V) I8N S : 20
CLAS(p) :1555+1+10 :26+7
HERMES : 1528 +2.6+2.1 :19+512
ITEP(p) : 1526 +3+3 : 24
ZEUS s 152713 : 10+ 2

Quantum Numbers: [ =0; JP =7

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04
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SAPHIR : Isospin of ©F
search for:

Vv — O7K-
— pK*K-

180

1
!
]
I

counts

160

|
L
|

o
' no ©

——

140

-
——

120

100

80

60

40

20

D_IIII|IIII|IIII|IIII|IIII|IIII|IIII

145 15 1656 16 165 17 175 18
mass(pK " )/GeV
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The ®* Isospin from Hermes (prelim.)

Events/(4 MeV)
(=0 b |
g =

g

400
300

200

100 |

- M ,=1522.7+1.2(stat) MeV

@ Clear signal for A(1520)

| Gell-Mann-Nishijima relation
@ Gell-Mann-Nishidjim Y=B+5
Q=1;+Y/2, where Y=B+

@ ifno©"" then:
@ — OF is anisosinglet

145 15 155 16 165 1.7
M(pK), M(pK") [GeV]
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Questionsto be answer ed

To be or not to be?

What is the true mass?
— Ranges from 1526 MeV to 1555 MeV.

How narrow is the width?

— Only upper limits were given.
— Hard to explain if I'<1 MeV.

What is the Spin and Parity? How to
measure?

— 1/2- (Lattice, Quark Model) or 1/2* (Di-quark,
Chiral soliton)

Is there J*=3/2" partner? Still narrow?
Other members of the anti-decuplet?

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04
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Theory prediction
D. Diakonov ef al. (chiral quark soliton) : 1/2*, I=0
Naive quark model : 1/2°
S. Capstick ef al. (isotensor formulation) : 1/2-, 3/2-, 5/2~, I=2
Fl. Stancu, D.O. Riska (qq with wint.) :1/2*

A. Hosaka (chiral potential) : 1/27 (strong m)
M. Karliner et al. (qq-qqq) : 1/2%, 1=0

R. L. Jaffe et al. (qq-qq-q : 10 + 8) : 172+, 1=0

J. Sugiyama ef al. (QCD sum rule) : 172, 1I=0

F. Csikor et al. (Lattice QCD) + 12t ->1/2-, I=0
S. Sasaki (Lattice QCD) + 1/2-, I=0

Mass, width, Spin, Parity, Production mechanism, Partners. ..

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04
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Theoretical predictionsfor Multi-Quark-States
Strange Sector:

— Uncorrelated Bag Models (R. Jaffe, D. Strottman, 1979)
Many states predicted
1/, -states (ground states) < 1500 MeV (No exp. evidence)
— Correlated Bag Models (R. Jaffe/F. Wilczek; M. Karliner/H. Lipkin; 2003)
(qa)(qo) Sstate: 3®@3@®3=(3+6)®3=1+8+8+10
Eﬂ[u ds) | Degenerate

N’ |[ud]"d)
N, ud]lsu] 5
3 Jtudisu), @
T lsu’s )

= | =+

I—IM =1

lGs’a) lius]a)

Fewer states predicted

Exotic states ©* = [ud]?2s, = = [ds]20, =* = [us]2d
N* = [ud]?d = Roper-Resonance (N(1440) ?
Mass splittings, Widths = in accordance with (preliminary) data

F =1, plausible - -
L) p H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04
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— Skyrme Model (M. Praszalowicz, 1987)
Lightest 5g-state = 1530 MeV,; Widths: No statements

—xQSM (Chiral Quark Soliton Model) (D. Diakonov, V. Petrov, M. Polyakov, 1997)
v QSM predicts existance of an anti-decupl et
O* =uudds, P=1,"
M(©+) = 1530 MeV (Assuming N(1710) is duudd(10)); T < 15 MeV

— LQCD (Sasaki, F. Csikor et al., 2003)

Sasai: o~ _ L76GeV (P=1,")

M(uudds) = 5 6, Gev (P =1.%)

Cskor et al.:
_ Consistent with 1540 GeV (FP=1,")
M(uudds) : . 1540 Gev (P=1,")

Charme/Bottom-Sector:

— Correlated Bag Models (R. Jaffe/F. Wilczek; M. Karliner/H. Lipkin)
2 = [ud]?C: M (©9) = 2710 — 2985 MeV
©; = [ud]?b : M (6Y) ~ 6050 — 6398 MeV

—LQCD

— P=1 -
M (uuddg) = (3;43 fDe\N/)§3 2)

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04
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@ R.L.Jaf fe: “Physicist do not understand how quarks fit together
into the particles that make up 99% of the familiar matter in the
universe. Looking at these exotic states is one of the ways we can
learn the subtleties of the structure of matter”

@ F Wilczek: “The discovery of a “pentaquark” exotic opens a new
chapter in hadronic physics”

@ J.Ellis:”Whatever the explanation of this exotic turns out to be, it
is very exciting. It looks like the beginning of a whole new hadron
spectroscopy. That would become a key testing ground for quark
and skyrmion views of baryon structure”

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04
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Further Exotics: =~ (NA49/CERN)

or !

- z ssddu 2) = M=1.862+ 0.002 GeV
N '<0.018 GeV
L
Pyt o i
= . "
E ssdud b) En Combined spectra
1o - of
Lk Wl
" =(1530) | ' |
wp =(5%0) ssdud O ET | 3%
10 f= L
o \ ' .r'ﬂ“'”l-LﬂHlHlJ_n..mmm_._Jn__._ul ;!::
0 . .
il ssddu d) ='n” ¢ JWMM‘IM‘-LMLM
= ll -;I:l: |Iﬂl |Il I: ;:‘ !Ili !1ﬂ .'Il
2l M(Ex) [GeVie
1 . L. 0. .

l:!l.-‘l- 1.5 L3 2 2.2 2.4 2.5 2.8

M(=Ex) [GeVic?] CERN SPS hep-ex/0310014
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Negativeresultsfrom HERA-B
920 GeV/c proton beam hep-ph/0403020

=1 4+ :+‘.IT+

vie'
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1 |
H+-

+
llll'
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.
'I_'_I_F_l_'_
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counts [ 10 MeVie
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T e ¥ _ |
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@ +++H+Whﬂih_m jE & mut +1 .:;+J'r+'+; AR
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O Saaae ®+/A(1520)<0 02 e
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Further Exotics. 62 (H1/DESY)

hep-ph/0403017
e-p collision at sqrt(s) ~ 300 GeV
s ——T—T T
> _
= : H1 _
o E . ]
= 20 e D*p+D*p .
3_ I — Signal + bg. fit : M - 3099i3i5MEv
2 © Bg. only fit : o = 1243 MeV
= 20
0 ; ‘
e * ! R + + - 630 MeV above DN
B Al e ) [ )
10 | 8l < ek 1 ' H " threshold.
; } e ¢ ‘ Ml  Too narrow width?
u i | L . 5 l . A l L A ;
3 3.2 3.4 3.6
M(D*p) [ GeV ]
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Conclusions

— Recently many new and surprising discoveries in Hadron Physics
— Extension of Hadron Spectrocopy in the Charm/Bottom-sector very valuable

— There is evidence for mesonic/hadronic states, whose properties are hard (or not)
to explain in the usual quark-picture

— Possibly, the ideas regarding the structure of hadrons must be revised

— Further interesting results are expected in the future
(Medium and High Energy Laboratories)

H. Koch, Graduiertenkolleg HU Berlin, TU Dresden, DESY Zeuthen, 6.4.04



