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sub nuclear material research.... FAIR

criteria of stability can be derived from extreme
(exotic) structures

- properties of the binding




Discovery of the X(3872)
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Discovery of the Z+(3900) 2013 FAIR
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4 Scientific Core Activities FAIR

more than 2’000 Scientists
hundreds of institutions

42 countries Worldwide
27 countries in Europe

Klaus Peters - Status of FAIR and PANDA



FAIR @ Darmstadt FAIR

Nuclear Structure & Astrophysics
(Rare-isotope beams)

Hadron Physics SIS100/300
(Stored and cooled
14 GeV/c anti-protons)
QCD-Phase Diagram
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low energy RIB and

Modularized Start Version F_\lR
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Accelerator Challenges FAIR

Fast cycling superconducting magnets High gradient, variable frequency
dB/dt ~ 4T/s Ferrite & MA loaded cavities




FAIR Experiments
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NUSTAR @ FAIR: physics of the nuclei

How Are Elements Made ?

@ Nuclear synthesis in stars

and star explosions

© Fundamental interactions

10

and symmetries

£ r-process
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NUSTAR @ FAIR : the installations

FAIR

Superconducting FRagment Separator Lovggcgrgy
High-Energy Reaction Setup gas target
Multi-Storage Rings (CR, NESR, eA) A P
Energy-Bunched Stopped Beams Energy S "
Buncher X?
\ 7% NESR
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Maln-Separator L L High-
Productio - e H(Ezgsggy \’_:awh-—m”f
Targe T "
W"
e
Super-FRS e
20 Tm '
f
Pl S U pe - FRS (\ complex
SIS
“;» o® T Key characteristics : g _J,.
9 - all elements, H to U e
from - intensity > 1012 jons/sec.
SIS 1¢ - high and low energies
- pulsed and CW beams




APPA at FAIR: Atomic, Plasma and Applied Physics

very broad program
too broad to be summarized here

SPARC and HedgeHob
are two important projects here

FAIR

/
HESR
: stable ions to NESR to low energy
¢ T4 pbars back to SIS100 complex
apart from ) (ions, pbars)

PLASMA cave
important rings
will be

RESR and NESR
(Module 5/6)
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APPA: Parity-Violation FAIR

08— Energy levels of He-like uranium
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To “compete” with spontaneous decay channels,
one needs to induce a two-photon PNC transition by
polarized light with intensity 1020 W/cm?

Select case
with small splitting!
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FAIR

Plasmas
10°
-~
s
»
10 .
= —
2, . . Inertial
o Magnetic Fusion Fusion
— 103 Ener
S ay
)
©
| ..
S
e 107
Q
- PHELIX
10'
Laser FLASH
Heatin
22
100 > lon
0\)9 He
%
SIS 18
10‘1 Vg Jupiter
solid state
density
; ¥
10

14

10* 10" 10" 10%! 10%

107

Particles / cm™3

10%



CBM: Exploring the phases of nuclear matter FAIR

Nuclear Equation-of-state at high density

Search for phase transitions § 200'%— Quarks and Gluons
Search for the QCD critical endpoint '°_g éolp
Study Chiral symmetry restoration and Hagions v,,
the origin of the hadron mass ih;%;:c’;h;;ﬁ;sics ) /«f e
Neutron stars  conductor?

Laboratory Expenments

ol . d

Observables

7/
Nuclei l\fBaryon Density

neutron
star

Superflu
Neutro
iquid

prompt Y
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CBM at FAIR: Detector
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PANDA @ FAIR: Hadron Physics with Antiprotons

The study of QCD bound states is of fun-
damental importance for a better, quantita-
tive understanding of QCD. Particle spectra
can be computed within the framework of non-

relatlwstlc potential models, effectwe field the-
. - LT 1 o

QCD Bound States |*

nt

o o o o0

Exotic States to

as
gluonic hadrons (hybrids and glueballs), mul-
tiguark and molecular states.
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Non-pert. QCD Dynamics
Strangeness and
Charm Production
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where Y denotes a hyperon. By comparing sev-
eral reactions involving different quark flavours
the OZI rule, and its possible wiolation, can
be tested for different levels of disconnected
quark-line diagrams separately.
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Hypernuclear physlics. Hypernuclei are sys-
tems in which up qr down quarks are re-
placed by strange quhrks. In this way a new
quantum number, sfrangeness, is introduced
into the 11ucleus Although smgle and double

A-hyp decades
ago, ol i presently
known H y p ernu CI €l at FAIR
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with 1 i i making
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nuclear structure spectroscopy and for study-
ing the forces between hyperons and nucleons.
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gluon condensate.




PANDA at FAIR:

Tracking

e
Vertexing Q
N

Calorimetry
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HESR - Storage Ring for Antiprotons FAIR

Parameters of HESR

e Injection of p at 3.7 GeV

e Slow synchrotron (1.5-14.5 GeV/c)

e Storage ring for internal target operation
e Luminosity up to L~ 2x103? cm?s™!

e Beam cooling (stochastic & electron)

O 50m Acceleration

Resonance scan

e Energy resolution
r CD.)itﬁ)gclierurr)%?éq n(ralrtn:.:\gnet ~50 keV
1 Sextupole magnet e TUNe ECM to pl"Obe
\ resonance
e Get precise
mass and width
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Accessible Charmed Hadrons at PANDA
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Charmonium FAIR
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Klaus Peters - Status of FAIR and PANDA
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Charmonium - different degrees of freedom ?

K.J. Juge, J. Kuti, C. Morningstar
hep/lat 9709131
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800 v/
400
0
-400
-800
-1200

0.5 1.5
Distance (fm)

VOV, (MeV)
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Fock-Expansion - solution to the problem FAIR

remove the leading term .
due to selection of quantum qq >-<
numbers +

e.g. for hybrids (g)(gq) €=C C=C

impossible for gg T

JPC exotic (qa)g "0

L

S, N\ +
SH 'So, OY AN 1= |7
S=5,+5; 3., 1-- 0+- 0-+

1, —

J=L+5 D — Zl(qq)lz_]g]
P=(-1)L+1 1+ 1+
C=(-1)L+s 2+ -+
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n,(1600)...E852 prt in 1997 and COMPASS today
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n,(1600)...E852 prt in 1997 and COMPASS today
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FAIR

thanks to G. Adams, RPI
Experiment Mass Width Decay Citation
n,(1400) | E852 1359 (+16-14) (+10-24) 314 (+31-29) (+9-66) nr PR D60, 092001
Crystal Barrel 1400 (+20-20) (+20-20) 310 (+50-50) (+50-30) nr PL B423,175
Crystal Barrel 1360 (+25-25) 220 (+90-90) nmw PL B446,349
Obelix 1384 (+28-28) 378 (+58-58) pT EPJ C35, 21
n,;(1600) | E852 1593 (+8-8) (+29-47) 168 (+20-20) (+150-12) pT PR D65, 072001
E852 1597 (+10-10) (+45-10) 340 (+40-40) (+50-50) n'n PRL 86, 3977
Crystal Barrel 1590 (+50-50) 280 (+75-75) b PL B563,140
E852 1709 (+24-24) (+41-41) 403 (+80-80) (+115-115) fim PL B595,109
E852 1664+8+10 185+25+28 (bym)~ submitted to PRL
E852 =1700 (bym)? | preliminary
n,;(2000) | E852 2001+30+92 333+52+49 fim PL B595,109
E852 2014+20+16 230+32+73 (bym)” submitted to PRL
h,(1950) | E852 1954+8 (stat.) 138+3 (stat.) (b,m)° preliminary




pp cross sections

FAIR
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pp cross sections — exclusive final states FAIR

1mb ¢+
oo L Example X(3872)
peak ~50 nb (E. Braaten)
DDr/ynn ~10:1
10ub + -~ ynn 250 pb (ee and pp)
- DDnt 500 pb (multiple channels)
Glueballs
includes eff. and BR
lub +
Nc
O
100nb Le2 L=2-103!, duty €=0.5
X _ ;
® X(3872) [ (L*€) = 0.86 pb-t/d
10nb ¢ Nm° - 2 d/point _
e - peak (~400 ev. ynn/~800 ev. DDm)
Xco  Hybrids x 20 points = 40 days
1nb ¢
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Benchmark pp=> (X nn)n and (DD*+c.c.)n FAIR

(Xc1"")ﬂ (D5*+c.c.)l’]
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Benchmark pp~> Y(4260) > wnn
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X(3872) - Simulation of an Energy Scan
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Mass and Width Determination D,(")(2xxx) FAIR

o
1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 l 1 11 l 1 1 1 l 1 2 IbI - I I
BT 'S 5000/ POSSIDIE exXperimental result
] 09; 1 "R 2317.1TU880b = U.£234060 B C
1407 5 2500 Ik 0.82839 + 0.10952 — -
120 -3 1A 15.54272 + 2.51127 C
100 2000 - BG 0.00000 + 0.00000 : =
80 ~ 1500 -
] - .
60 7 -
] 1000 =
40 - - —F
20 - 500 . -
] T X . e T
T UL L L L T 1T L L L T O T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4626 4628 4630 4632 4634 4636 4638 4640 4642 4644 4283 4284 4285 | 4286 4287 4288 4289
\s [MeV] s [MeV]
threshold D_,*D_* threshold D_D_,*

© Deduce mass and width from excitation function

@ Many channels, but all require e-cooling at large energies
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Benchmark pp=>6¢¢

FAIR

|
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1 1.3._; i 1_02{ »
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- - 0.98 —_—————— 0
500 0.5 h ] 105 11
1000 7.2 min m,(K'K') [GeV/c] m,(K'K') [GeV/c?]
Channel rel. X-sec | €(VL)[%] e(L)[%] e("T[%] e(VT)[%]
Signal 1 30.1 28.5 23.7 18.8
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SN — >1:14 >1:14 > 1:17 > 1:22
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Soof b AT S b TR Sl T T
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0.2 0.2 0.2
0.154 0.15 0.15
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Flavor Independence - Logarithmic Potential? FAIR

Charmonium h( ) Bottomonium h.’ (n=2)
- = == h (n=2 =
v not seen yet Y(2S) Belle 2012
ne’ Mo
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L ogarithmic Mod if ed Coulomb h, b
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g el PR W =40 N TRewi-F it

strong and international collaboration

> 400 scientists almost 60 Institutions




Construction Site today
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Status of Licensing Applications / Permits

36

v,
29.10.12 ‘

Building permit

Permit for water rights
(piling works)

Permit for water rights
(groundwater lowering)

3. partial permit of radiation
protection (Geb. 007)

Complete permit of radiation
protection

Bauantrag

BN/2011/81
Ordner A4

Bauantrag

BN/2011/81 - 105
Ordner D 1-24

Bauantrag

BN/2011/81
Ordner AL

alle Gebaude
e P Gutechtenundienzeste
nnnnnnnnnnnnnnnnnn

Ubergreifend Ubergreifend

:.-~4

14.11.12 ’

soon

soon

soon



Planning Activities FAIR
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Civil Engineering FAIR

New

Beamline: > 3.2 km
thereof

Syncrotron: 1.1 km

-
------

.....
\Y

600.000 cbm > 1 Mio tons of concrete
o 35.000 tons of steel
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Status of Prepation / Construction Works FAIR

12 /12 01 /13 02/13 |03/ 13

Relocation of water pipeline
Ground water measuring points
Felling & clearing works 2. phase
Inner site roads

Piling works
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FAIR

THANK YOU



