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Research Communities at FAIR

SIS 100/300

Nuclear Matter Physics with

CBM | I
HADES 35-45 GeV/u HI beams, x1000
HESR A—

Rare Isotope

Production
Hadron Physics Target
with antiprotons S g;ger Antiproton
of 0-15GeV \4— Production

Target

. . ‘ 

Plasma Physics: _x600 cR. FLAR Nuclear Structure & Astrophysics
higher target energy RES with rare isotope beams, x10 000
density 600kJ/g and excellent cooling
Special Features: NESR
* 50ns Bunched beams
* Electron cooling of secondary beams High EM Field (HI) B
* SC magnets fast ramping Fundamental Studies (HI & p)
* Parallel operation 100 m Applications (HI)

B. Sharkov =



Development of Project Staging

2003 Recommendation by WissenschaftsRat — FAIR Realisation in three stages

Entire Facility

2005 Baseline Technical Report

Phase B
SIS300
2007 Phase A
Module 0 Module 1 Module 2 Module 3 Module 4 Module 5 Module 6
SI1S100 expt areas Super-FRS [pbar facility, LEB for RESR SIS300
CBM/HADES | fixed target incl. CR for NuSTAR, nominal HESR Cooler
2009 and APPA area PANDA, NESR for intensity for ER
NuSTAR options for NuSTAR and | PANDA &
NuSTAR APPA, parallel
El AIR faor nneration with
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Development of Project Staging

2003 Recommendation by WissenschaftsRat — FAIR Realisation in three stages
Entire Facility
2005 Baseline Technical Report
Phase B
SI1S300
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Module 0 Module 1 Module 2 Module 3 Module 4 Module 5 Module 6
SI1S100 expt areas Super-FRS [pbar facility, | EB for RESR SIS300
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2009 and APPA_ area PANDA, NESR for intensity for ER
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NUSTAR A parallel
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Cost Estimate Modules 0-3 (price Basis 2005)

Total accelerator and personnel Modules 0 - 3 502
Total civil construction Modules 0 - 3 400
Experiment funding 78
FAIR GmbH personnel and running costs 47
Grand Total Modules 0 - 3 1027

all values in M€
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Firm Commitments

FAIR Countries

Total declared Contribution (k€)
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Austria 5.000
China 12.000
Finland 5.000
France 27.000
Germany 705.000
Great Britain 8.000
Greece 4.000
India 36.000
Italy 42.000
Poland 23.740
Romania 11.870
Russia 178.050
Slovenia 12.000
Slovakia 6.000
Spain 19.000
Sweden 10.000
Total 1.104.660

not firm for the first batch
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Firm Commitments

FAIR Countries Total declared Contribution (k€)
Austria 5.000
China 12.000
Finland 5.000
France 27.000
Germany 705.000
Great Britain 8.000
Greece 4.000
India 36.000
Italy 42.000
Poland 23.740
Romania 11.870] Primeminister Putin
Russia 178.050]] signed. Officially
Slovenia 12.000] publicized last week.
Slovakia 6.000
Spain 19.000
Sweden 10.000
Total 1.104.660

not firm for the first batch

Kingdom of Saudi-Arabia signed the Declaration to contribute at least 1 %
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NMPABHTEJILCTBO POCCHHCKOH ®EJIEPAITHH
PACNOPAXEHHE

or 27 gespans 2010 r. N 245-p
MOCKBA

LB coomsercrmam 0 cramefl 1] Qeacpamaoro  axona
"O mesxymspoanmx  aorosopax  Pocouitckoft  ®eacpaunn”  0aoGpurs
npeacrasaemesie  Focyasporeesnol  xopnopammel mo  atomuoR  amepren
"Pocaron”™ cormacosunnie ¢ MHToa Pocci it apyrinus 308 Tepeconamm i
OCRCPATLMIIME  OPrANaMit  WCOOAHRTCAMHON BIOCTH M NpessapUTCIIN0
NpopaboTANENE ¢ TOCYSIPCTRANM + YMACTHNKAMH BPOCKTS 110 COOPYMEHHIO W
xcnnyavauui  Esponefickoro  nesipa 0 MCCHCIOMMIO  BMONOS B
awrumporowos (DAHP) » r. Jlapsmmaare (@PF) npoexta Kowsewmmn o
COOpyMemMM N CnayaTasii Eaponefckoro UenTps NO HCCHCIOBINNIO HOBOD
#  awmnporonos (DAHP) x  Jaxmountemmoro  axTa  Komdepesuns
DOANOMONMMYX  TIPCACTRRNTEACH N0 COOPYRCHNID W NKCTLIYATACINK
Esponefickoro ueHTpa 00 mccaczosanmo wowos u mmunpotonon (GAHP)
(npanarasores).

2 opysunrs Tocyaspornemnodt  xopnopausst no  atoMuofl  meprnk
“Pocarom” mposecre npe  ywscruw MHJla  Poccum neperosopw m no
ZOCTHACHIN  JOrosopeunocte  noanwcats ot wwewn  [lpassreascina
Pocoufcxolt Deacpazine  JosysmenTd, YeaanMue s myskre | mactommero
POCHOPEKTHNA, PEIPCUINS B CHYIC HOOOXOIEMOCTI BNOCHTE B NIPOSKTI YTHX
JOKYMENTOR HIMENENIE, HE HMCIOUIE NPHHEHIRAIRONO XAPAKTepa.

3. Haswaunrs  [ocyaspemnesinyio xopmopaiino mo aTOMHOR  Mepenn
“Pocarom”  yRACTHHXOM KOMBANHK €  OfPAMMSCHMON  OTRETCTBEMHOCTIO
“Espoaciicxnit mentp no #ccaesosauino Honon i antuopoTonon (PAHP)”,

4. TocymapeTeenniol xopnopauss no aroMuoR meprie “Pocarom™:

MOCIC NOANMCEHHA JOKYMCHTOB, YKIAMNAIX 3 nynxte | nacroduero
POCDOPIASINS, YBEIOMHTE B YCTIHORBCHHOM DOPRIKE TOCYAAPCTDA «
YURCTHIN KOHBCHINN O COOpyXenus o xcnayatagun Esponeficxoro uewrpa

1DV
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NO HCCHCACEAMHIO HOMOB # aHTHEpOTOHOE (DAHP) 0 ToM, 910 yUACTHHKOM
XOMIAXHE C orpasmsenncd  oreercreennoctsio “Esponefiosuit uewtp no
HOCHEROBAINO HORO8 W anTHnpotonos (PAHP)" or Pocouikexoll Pexepamin
sucTynier Nocyanpereenias xopaopauns 1o aromnof snepein “Pocaron™,

ofecncwts  smomwcnne  ofimaremsers  Poconilexofl  Meaepawsm,
surexmoax 1y Konpenmine o coopysenin w sxcnzysraune Esponeiickoro
UCHTPA NO HCCHCIOMMEHIO ROWOR i anTHnpoTonos (PAHP),

S. Focympersennol xopnopaen no svomofl sneprnr “Pocatom” w
Mimémny Poccun npe dopmnposasis npoexta $exepamsioro Giogaera na

OuepeAHOR  QERARCOBMA TOA W MAAMOBKA  NEPHOX  MPETYCMATPHRATH
GroKeTHIE  SOCHIMOsANME Ha sunoamesme obassrensers  Poccsdickoi

Qencpaey, BMTEKDOWMX W) KOHBCHUNN O COOPYAEHMM K MCIUTYRTIINN
Esponeficxoro 1enTpa o MECICIOBRI0 Honos i astunpororos (DAUP), »
TOM WMCAC B OTHOWENHH OSIATENNCTS N0 BWICCAM B COOpyAKenme M
skcnayaramilo  Epponcfickoro  memTpa  no  HCCHCH0BANWIO  HOROR W
axmunporonos (PAHP).
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MPABHTEJILCTBO POCCHHCKOH ®EJIEPAITHH
PACINOPAXEHHE

or 27 gespans 2010 r. Ne 245-p

Dear Colleagues,

We are happy to inform you that the Decree of the Russian

Government on Russian participation in FAIR project was

issued and published. Its number is 245-p of February 27, 2010.

By this decision Russian Government approved the project of

FAIR Convention with Russian contribution to FAIR construction in

the amount of 178,05 MEuro (prices of January 2005) and authorized

the State Corporation “Rosatom” to be Russian Shareholder of FAIR Company.

Sincerely, O.Patarakin, P.Bogdanov.

JOKYMENTOR HINCHENIE, HE HMCIOUNS NPHHARNNAIARONO XAPAKTEPA.
3. Howaunrs  Tocyaapcmnesinio  xopnopaiiio o aTOMROR  dMepenm
“Pocarom”  yRACTHHXOM KOMBANHK €  OfPAMMSCHMON  OTRETCTBEMHOCTIO
“Espoaciicxnit mentp no #ccaesosauino Honon i antuopoTonon (PAHP)”,
4. TocymapeTeenniol xopnopauss no aroMuoR meprie “Pocarom™:
BOCIC NOANMCEHHA JOKYMOHTOB, YXDIANNMX 3 nyuxte | pacvoauero
PACDOPIACINE, YBEIOMHTE B YCTIHORSCHHOM DOPRIAKE  TOCYANPCTDA «
YURCTHINR KONBCHINN O COOpyXoHus o xcnayatagun Esponeficxoro uewrpa

B.Ilyrne
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Roadmap to foundation the FAIR company

2010 2011

@ @ B

Week 1. Completion of legal documents

Week 8: Documents sent out by Foreign Office to other countries
Week 13: Translated documents back in Foreign Office

Week 19: Bilateral agreements on open problems

Week 22: Legal documents available in 5 official languages
Week 32: Formal agreement of all partner countries

Week 33: Translation conference

©OPOOHO OO

Week 37: Formal signing of the FAIR convention
* Week 38: Founding of FAIR GmbH
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Roadmap

= Start of construction activities 2010/11 +1 year

= Schedule is driven by civil construction

= Aim for earliest commissioning of accelerators and respective experiments

Module | Construction | Ready for
time (months) | installation

0 72 2015/ 16

1 28 2015/ 16

2 60 2016

3 60 2016

+1 year
+1 year

+1 year
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Basic underlying theory

1s known: QCD
... but
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Hadron Physics at FAIR with PANDA
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The PANDA Detector
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PANDA Collaboration

e At present a group of 420 physicists from
54 1nstitutions and 16 countries

Austria — Belaruz — China — France — Germany — India — Italy — The Netherlands — Poland — Romania —
Russia — Spain — Sweden — Switzerland — U.K. — U.S.A.

Basel, Beijing, Bochum, IIT Bombay, Bonn, Brescia, IFIN Bucharest,
Catania, IIT Chicago, AGH-UST Cracow, JGU Cracow, IFJ PAN Cracow,
Cracow UT, Edinburgh, Erlangen, Ferrara, Frankfurt, Genova, Giessen,
Glasgow, GSI, FZ Jiilich, JINR Dubna, Katowice, KVI Groningen, Lanzhou,
LNF, Lund, Mainz, Minsk, ITEP Moscow, MPEI Moscow,TU Miinchen,
Miinster, Northwestern, BINP Novosibirsk, IPN Orsay, Pavia,

IHEP Protvino, PNPI St.Petersburg, KTH Stockholm, Stockholm,

I I Dep. A. Avogadro Torino, Dep. Fis. Sperimentale Torino, Torino Politecnico,

I
Trieste, TSL Uppsala, Tiibingen, Uppsala, Valencia, SINS Warsaw, -
TU Warsaw, AAS Wien

Spokesperson: Ulrich Wiedner (Bochum)

http://www.gsi.de/panda



Hadron Structure

Ulrich Wiedner



The Nucleon (as composed by fundamental particles)

Ulrich Wiedner



Gluon polarization results from SMC, HERMES, and
COMPASS, in comparison with theoretical fits

b ¢ COMPASS, open charm, prel., 02-07
@) COMPASS, high p, Q%<1 (GeV/c)?, prel., 02-04
0.6 v COMPASS, high p Q%1 (GeV/c)?, prel., 02-04
Q . HERMES, single high p_ hadrons, all Q%, arXiv:1002.3921 7
@) [ SMC, high p_, Q%1 (GeV/c) K
a 04 TTTTTCC fit with 4GS0, u2=3(GeV/c)? J
B fit with AG<0, u’=3(GeV/c)®
0.2—
0
-0.2|—
-0.4\—
-0.6 [ | L |
-2 -1
10 10 X
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Elastic scattering

... reveals transverse quark distribution in coordinate space
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Deep 1nelastic scattering

... reveals longitudinal quark distribution in momentum space

Ulrich Wiedner



Common description:

Generalized Parton Distributions (GPDs)
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Electromagnetic Processes: [pp — vy

Y Y
p Y
crossed-channel
Compton scattering
D D P Y
P1 k1 7
-
S
N
P2 [ 72

Handbag diagram separates a soft part described by
GPDs from a hard qq annihilation process

Predicted rates™: several thousand / month or above

Exp. problem: Background channels like n’y or 2%z’ 5% - 100x stronger.

*A. Freund, A. Radyushkin, A. Schéfer, and C. Weiss, Phys. Rev. Lett. 90, 092001 (2003).
Ulrich Wiedner



Related exclusive annihilation processes studies:

P, O,...

w check of factorization.
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Electromagnetic form factors of the proton

... can be extracted from the cross section: p+p — e"+e”

do _71'06271202 2 2 A 4m,29 201 2 A
d(cose*)_ " {GM (1+cos®0")+ p Gyl (1-cos*6)

(first order QED prediction)

Data at high Q? test QCD predictions for the asymptotic behavior of
the form factors and spacelike-timelike equality at corresponding Q-.

Ulrich Wiedner



MC studies

PANDA will measure the form factors in the biggest Q? range for a
single experiment up to values of ~20 GeV?/c* (beam time dependent).
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Hadron Spectroscopy
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Positronium Charmonium

Dissociation energy

7= 1000
& 23S, 900
23P,
o = 1 800 29
n=2 21P; —_
> 23P; > \II
]
>, 23Pg E o s s e s s
on ~ =
DD thi
§ 4= g\o 600 _Z‘T \V threshold
) c — o
= - 300 3
¢ 2 ks Ao 2°Po '8
v/ 200 8
L e g
100
n=1 135,
L4
0 0
\ 1350 13S1
—100]
13S
L=0 L=1 "L=0 L=1
Singlet Triplet Singlet Triplet Singlet Triplet Singlet Triplet

©)
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X and Y mesons

X(3872)
0 |
” Bell I
v W elle | BaBar ce >y i T/v Belle
#3872 )
......... Q
M =T /y)-M(T ) ‘:3,
Belle
Y(3940) BaBar M(r - 7y)
B>K oJ/vy
ete DYt Ty’ Y(4350) & Y(4660)
BaBar .
M(0J /) M(0J/vy)
M(r*y')
X(3940) X(4160)
e'e>DD*J/vy e'e >D*D*J/v Y(4140) Y(4630)
Belle CDF e'e DYrspA A,
Belle
Belle B>K 0J/v
M(AA,)

Ulrich Wiedner M(DD*) M(D*D*) M(0J/v)
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Z" (4430) - a new state of matter (tetraquark?) decaying into 7"y’

BELLE
70

Events:

455 4.8

3.8 4.05 43
M(ry') (GeVic?)

M = (4.433 + 0.004 (stat) + 0.001 (syst)) GeV
"= (0.0447%017 (stat)§%170 (syst)) GeV

B (B — KZ(4430) x 8(Z — w+y’) = (4.1 = 1.0 (stat) = 1.3 (syst)) x 10-5
PRL 100, 142001 (2008)
arXiv:0708.1790 [hep-ex]
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E STANDARD MOUEL
The Standard Model - What is the world made of? - Hadrons, Baryons, and Mesons

Like social elephants, quarks only exist in groups with other quarks and are never found alone.
Composite particles made of quarks are called

RAUVK ONS
hat is antimatter?

uarks Although individual quarks have fractional electrical charges, they combine such that hadrons have
e naming of quarks a net integer electric charge. Another property of hadrons is that they have no net color charge
even though the quarks themselves carry color charge (we will talk more about this later).

There are two classes of hadrons (try putting your mouse on the elephants):

uiz - What particles are made of DAK YUNb MbbUNb

L
- ...are any hadron which is made of ...contain one quark (q) and one antiquark ().

hrticle decays and annihilations

— three quarks (qqq).

< <

UNSOLVED MYSTERIES
One example of a meson is a pion (T *), which is
quarks and one down quark (uud), malde OT Tn ufp quark ar?d a :owp anitiq:ark(.jThe
ACCELERATORS™ AND protons are baryons. So are neutrons | 2" Particle of @ meson just has its quark an
PARTICLE PETECTORS (udd). antiquark switched, so an antipion (T~) is made up
a down quark and an up antiquark.

Because they are made of two up

Because a meson consists of a particle and an

antiparticle, it is very unstable. The kaon (K")
meson lives much longer than most mesons, which
is why it was called "strange" and gave this name
to the strange quark, one of its components.

A weird thing about hadrons is that only a very very very small part of the mass of a hadron is
due to the quarks in it.

Ulrich Wiedner




One example of a meson is a pion (T ™), which is
quarks and one down quark (uud), ma.de of an up quark aqd a dow_n anitiquark. The

antiparticle of a meson just has its quark and
protons are baryons. So are neutrons

(udd). antiquark switched, so an antipion (77) is made up
a down quark and an up antiquark.

Because they are made of two up

Because a meson consists of a particle and an

antiparticle, it is very unstable. The kaon (K")
meson lives much longer than most mesons, which
is why it was called "strange" and gave this name
to the strange quark, one of its components.
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due to the quarks in it.
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Glueballs
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Glueballs — Creation of Mass
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Glueballs — Creation of Mass

A few % of the proton mass is generated due to the Higgs mechanism.
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Glueballs — Creation of Mass

A few % of the proton mass is generated due to the Higgs mechanism.

Most of the proton mass 1s created by the strong interaction.

We do not understand most of the baryonic mass of the Universe.

Glueballs gain their mass solely by the strong interaction and are
therefore an unique approach to the mass creation by the strong
interaction.

Ulrich Wiedner



Glueballs



Glueballs, closed fluxtubes and n(1440)
Ludvig Faddeev, Antti Niemi and Ulrich Wiedner
Phys.Rev.D70:114033, 2004



Crystal Barrel pp — n'nn® Dalitz plot

700000 events = 6x700000 entries

Ulrich Wiedner



Production of i, ,

ete™ >y

N\

2

1/
Y (Z N _ -
vy (ere)?

Reconstruction of invariant mass:
detector resolution dependent
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Production of

ete™ >y
\E il .l

]/ of
Y (y N _

—~

Bochground Subtracred
| § A A A A

Vg ~
vy (efe™) ! e

Reconstruction of invariant mass:
detector resolution dependent
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Production of i, ,

ete™ >y

N\

2

1/
Y (1( N _ -
\w_(e+€:—_),’

Reconstruction of invariant mass:
detector resolution dependent

Formation of

PP—> %,
\
Viy

Rate measurement (beam energy dependent):
detector resolution “independent”
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Production of i, ,

ete™ >y

N\

2

1/
Y (Z N _ -
vy (e

Reconstruction of invariant mass:
detector resolution dependent

Formation of

PP—> %,
\
Viy

Rate measurement (beam energy dependent):
detector resolution “independent”

3 B )

B |
- -
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1
or -
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| A A A
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Production of i, ,

ete™ >y
Ny T

@ |

]/ oF
Y () S Py

—~

| A - A A A " A

’, Lo
vyy (efen) ! W men  Zaepe e A

Reconstruction of invariant mass:
detector resolution dependent

, E 760 (Fermilab)
Formation of

PP—> i

Yy
P

Rate measurement (beam energy dependent):
detector resolution “independent”
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The glueball spectrum
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Hadron Interactions
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Hypernuclear physics: a multicultural activity

nuclear
reaction

nuclear
structure

hadron
structure

chiral
symmetry
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Hypernuclear physics: a multicultural activity

nuclear

reaction

» Hypernuclei offer a bridge between traditional nuclear physics , hadron
physics and astrophysics

» It helps to explore fundamental questions like
» How do nucleons and nuclei form out of quarks?
» Can nuclear structure be derived quantitatively from QCD?

» Properties of strange baryons in nuclei and structure of QCD
vacuum?

» (Can we constrain the interior of neutron stars?

astroph

Ulrich Wiedner



Adding the third dimension to the nuclear chart
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Adding the third dimension to the nuclear chart

Increasing strangeness

o X

» Present limitations
» only single A-hypernuclei close to valley of stability
» only very few AA-hypernuclei events
» no information on antihyperons in nuclei
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Adding the third dimension to the nuclear chart

Increasing strangeness

» Present limitations
» only single A-hypernuclei close to valley of stability
» only very few AA-hypernuclei events

» no information on antihyperons in nuclei

B
Y
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Production of Hypernuclei at PANDA
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Production of Hypernuclei at PANDA

Kaons
/Z ° - } trigger »
Lo ——® = —

U
pb
3 GeV/c \O\/\b v pea

—. primary
12C target
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Production of Hypernuclei at PANDA

Sandwich target

Si-strip +
2 Kaons gokc

./__'_’__,. = absorbers
n ~

pb
3 GeV/c \O\/\b v pea

—. primary
12C target

Active secondary target
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Production of Hypernuclei at PANDA

Sandwich target
Si-strip +
2 Keons g sc

./__'_’__,. = absorbers
N -

pb
3 GeV/c \O\/\b _ Ve

—. primary
12C target

Active secondary target

OA\/\/\/\AY

+28MeV

Ulrich Wiedner A 'ra y Of H PG e



PANDA Detector set-up for hypernuclei physics
> 0,<45 =, K trigger (PANDA)

» 0,,=45°-90°: E-capture, hypernucleus formation

»  0,>90°: v-detection Euroball at backward angles

Ulrich Wiedner



PANDA Detector set-up for hypernuclei physics
> 0,<45 =, K trigger (PANDA)

» 0,,=45°-90°: E-capture, hypernucleus formation

»  0,>90°: v-detection Euroball at backward angles
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Antiproton-Nucleus Interaction

Ulrich Wiedner



* 1gnoring ¢ (or T) — nucleus interaction

Ulrich Wiedner



The long-term future at FAIR



Polarized p

Accelerator Setup

S

=
p p injection

HESR

p Injector

PANDA

Antiproton Polarizer Ring (APR)
Cooler Storage Ring (CSR)
High Energy Synchrotron Ring (HESR)

Phase I: Polarized Internal Target

Phase II: Asymmetric Antiproton-Proton Collider

Ulrich Wiedner

Polarized Antiproton Experiments




idea: ENC@FAIR

Ulrich Wiedner

L > 1032 1/cm3s

st’2 5> 10GeV
(3.3GeV e” «> 15GeV p)

polarised e ( > 80%)

<>

polarised p / d (> 80%)
(transversal + longitudinal)

using the PANDA detector

Common effort of
German Universities
(Bonn, Mainz, Dortmund)
plus collaboration with
Research Centres
FZJ,DESY, GSI, ...



Thank you for your attention!





