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*P. Haensel (Astronomical Center, Warsaw)
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*K-H. Langanke (Aarhus)

*V. Metag (Giessen)
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program naukowy

~NUCLEAR PHYSICS AND THE FUNDAMENTAL PROCESSES”

From the structure of nucleon
to the structure of nucleus

Matter in the Universe

Weak interactions and neutrino physics
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el Programme naukowy
sugestie Advisory konferencji
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porownanie programow naukowych

Einstein i fizyka 100 lat temu - prof. Andrzej Kajetan Wroblewski (UW)
Neutrina - takie lekkie a takie wazne - prof. Agnieszka Zalewska (IFJ PAN)
Ksztatt Wszechswiata - dr hab. Stanistaw Bajtlik (CAMK)
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Fizyka jadrowa i czastek elementarnych Animator: prof. Maciej Nowak (UJ)

Supersymetria - fizyka czastek powyzej granicy elektrostabej
prof. Jan Kalinowski (UW)

Czterowymiarowy Wszechswiat w lorentzowskiej kwantowej grawitacji
prof. Jerzy Jurkiewicz (UJ)

100 lat fotonu, prof. Maria Krawczyk (UW)
Pentakwarki, prof. Michat Praszatlowicz (UJ)
Materia jadrowa w warunkach ekstremalnych, prof. Jan Pluta (PW)

Hadrony w materii jadrowej — dokad siegaja granice istnienia?
dr hab. Piotr Salabura (UJ)

Piekna fizyka mezonow pieknych w eksperymencie Belle, dr Henryk Patka (IBJ PAN)

Wiazki radioaktywne - terazniejszos¢ a przysztos¢ fizyki jadrowej, dr Zenon Janas (UW)



by Brian Foster, Oxford University
professor and leader of the particle physics
department, as well as an amateur musician;

the concert features British violinist Jack Liebeck




Subiektywna selekcja tematow®™

e Hadrony w materii jadrowej -
daleka droga...

e Degradacja pentakwarkow!

e CKM unitarne?
e Neutrina: Sieroszowice-Polkowice?

e Impresje Witka Nazarewicza



Hadrony w materii
jadrowej

Wolfgang Kuhn (Gief3en)
Witold Przygoda (UJ Krakow)
Peter Senger (GSI Darmstadt)




Extreme states of strongly interacting matter

baryons hadrons partons

. '.. p
Compression + heating = quark-gluon matter
(pion production)
Au-nucleus: R=7 fm, V = 1400 fm3
Nucleon: R=0.8fm, V=2 fm3 r'ly universe

200 Nucleons: V = 400 fm3
At 3 - 4 p% nucleons overlap
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hadronic scenario

Mesons in nuclear matter

W. Peters et.al. NPA 632(1998)109:

2ImE (M)
[M* —m —Re X, (M)] +[ImE,(M)T
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p meson spectral function Alg.m)
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What is the right picture ?
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Degradacja
pentakwarkow

Hartmuth Freiesleben (Dresden)




Introductlon to Pentaquarks

AVAR [cvavav:
\ i E / D. Diakonov, V. Petrov and M. Polyakov
= Z. Phys. A 359 (97) 305
_ uudds
Q™| 54 ©*(1530) s=1
©* : mass = 1530 MeV/c? |
small width: > @—— 3 N(1710) S=0

' < 15 MeV M.V. Polyakov et al. / \/
EPJA 9 (00) 115
&8 £(1890)
I' ® 2-4 MeV D. Diakonov et al.
hep-ph/0505201

decay: ©OF - K9p and K*n

— =(2070)
ddssu uussd

J = 1> - anti-decuplet of non-exotic pentaquarks (N, %, =)
and exotic pentaquarks: 0+, &, E*



Experimental evidence for ©t from electromagnetic
probes (IV)

N/20 MeVic

40 -

CLAS/JLab

35 |

30 F

Vp - K m*O*
~ KTt K*(n)

a L

24
M(nK') GeV/ict

Phys. Rev. Lett 92(2004)032001

CEBAF Large Acceptance
Spectrometer

D, and H, targets
Tagged photon beam

Particle tracking in drift
chambers, PI by ToF

vYp - KOt - K'trK*n



Summary of Evidences

Reaction Mass / Width/Me | ¢ *
LEPS ’yC — K+K- X I]\.Ilga-lo + 1 . Zhao, Close hep-ph0404075
CLAS-1 |yd — K*K-p(n) |1542 +5 SPrines : ®
SAPHIR N — N
SAPHIR |yp — K*K(n) [1540%6 (asq %
CLAS-2 |yp — p*K- 1555 + 1( CLAS2 o
FIN) DIANA * K'n - O LK
HERMES |&+") KpX [1528+3 T s
ZEUS etp —» e'K,p X 1522+ 3 % e SVD
ITEP vA, VA KpX |[1533+5 —— e
+ ° COSY-TOF
DIANA  |K*Xe —»Kp X [1539x2 < e
SVD/ITEP | pA — K X 1526 * 3 1510 1520 1530 s = 15|?0
COSY pp — K,pz+ 15305 | __ el

*Gaussian statistical significance: estimated baokgd fluctuation



PDG 2004[S.Eidelmanet al., PLB 592 (04) 1; http://pdg.lbl.gov]

A REVIEW GOES HERE - Check our WWW List of Reviews

1Py = 0(?7) Status: sk skk

VALUE (MeV)

EVTS

©(1540)t MASS

DOCUMENT ID

TECN COMMENT

1539.2+ 1.6 OUR AVERAGE

1533 + 5 27 1 ASRATYAN 04 BC v, 7 in p,d,Ne, BEBC and 15-
ft
1555 +10 41 2 KUBAROVSKY04 CLAS ~p — 7T K= Ktn
1542 + 5 43 3STEPANYAN 04 CLAS ~d — KT K—pn
1539 + 2 29 4 BARMIN 03 XEBC KtXe— K9 xe
1540 + 4 +£2 63 5 BARTH 03 SPHR ~p — nKt K%
1540 =+10 19 6 NAKANO 03 LEPS ~12¢c & K+tK—nX
©(1540)* WIDTH
VALUE (MeV) CL% DOCUMENT ID TECN COMMENT
0.9 +03 7 CAHN 04 K+ n — KOpin xenon

e ¢ ¢ We do not use the following data for averages, fits, limits, etc. ¢ ¢ o

<20
<26

<21
<1

< 9
<25

<25

90
90

90

8

ASRATYAN 04 BC
KUBAROVSKY04 CLAS
STEPANYAN 04 CLAS

ARNDT 03 DPWA
BARMIN 03 XEBC
BARTH 03 SPHR
NAKANO 03 LEPS

v, 7 in p,d,Ne, BEBC and 15-ft
Yp — st K= Ktn

~d — Kt K— pn

Kt N partial-wave reanalysis
Ktxe — KOp xe'

~p — nKT K%

~12c & K+tK—nX




Lack of experimental evidence

BaBaR, Delphi, BES,
CDF, HyperCP, E690,
HERA-B, Aleph, Phenix

Common features:

x10°f X10° ] T T
1.5F 40t %% BaBAR -
e large data samples | o i#I*H1|H+|#|llm|{*||||+1 ¥ __
e excellent resolution L Ess- H}“H'l *I”'H{H :
i = 1.0 % [ H ) ]
e high energy % ‘ Sart Hi}luil,r ]
: : 5 =i it 1
e inclusive 5. Soef "
_ S b 1600
e ete” or hadronic probes
ool e T
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CKM unitarne?

John Hardy (Texas AM)
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Neutrina:
Sieroszowice-Polkowice?

P.M. Decowski (Berkeley)
J. Kisiel (Katowice)
A. Para (Fermilab)
S. Wycech (IPJ Swierk)
A. Zalewska (IFJ Krakow)
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asses Come from the Higgs Field

Space is filled with Higgs field

Massless particles traveling with speed of light scatter off
the Higgs field.

These collisions slow them down and flip their helicity =>

mass.

*In the Standard
Model there is no
R right-handed neutrino
Rl  — neutrinos must be

massless
105 MeV£E?

Superk: neutrinos

176,000 MeVe¢2 nave mass — pnysics
beyond the Standard
Model b
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Reactor antineutrinos

Long tradition, started
by the first observation
 of neutrino interactions
by Reines and Cowan

| Typical power station
. gives 6x10%0 anty-v/s and
36W of power

L1

The Palo Verde reactor
experiment



KamLAND - very long baseline reactor experiment

Detector: inner detector - 1 kton of liquid
scintillator, light registered by about 2000
photomultipliers, outer detector filled with oil,
veto part filled with water,

Detector "looks” at more than 30 reactors in
Japan and Korea at average distance of 180 km
Experiment started in January 2002, first
results published in Dec. 2002

|
I g,
- i
A T R

= — ey

o

'

g ke



(wpy]) aduelsiqg D
00G 0S¥ 00 0S€ 00€ 0G9¢ 00¢ 0G)L O0L 09 O

(ASINT D) A+p «—d+u

m.v OI____ _:__—._____ _____l_________ _ T l_____ ________I o ’ ..l- wﬁl o ! .#.l I'u ' ﬁ." IL. ')
B o % =~ H .- — .“. o . _.. e f ﬂ..
Soof §9 | & i (s701T ~) 49 pamojjo)
DI R i m
L yO0F T 4 ¢
Mok 2 BN m
S 90F 1€
\% B ]
N QN E — WLh ]
o 8 o” (G-9€ ‘¥8°0) S . v
Z b (52°2%80) 3 G
@ E (P9 L'v8’ ]
o E 80) g
. 1INd
L %\.IL: 8 Y e L[@)]
| ey et —
< LT 1] w_ﬁ [ed2uly
R e ) [T uoojjeg
1Wd dnseld
oL N & /:._ou_m__ﬂ:_ow
g mEEm_.;_._u_ upyainss A21ep . ’ __ _ U_DU_J
2N B0 BRHYENYNY ) I, '] Ty ¥ L i

TOREBEBETTe! h-A - 4 16350939 JoUN]

emebeurhe ESIONW LNoS

BISY 15380

SOULIINAUNUD 1012D24 SUNDIIP ‘PUDTUDY]



((—A—)dxe — 1) )T JUIS

[="d 92U8Iayoosp ------

4
I

;/ VQ :7 -+ b SO0 ) = ..PN \Amom—u
,m\ s
N :\4

T:T Ac uIs — T = d CO_HN___OwO

ANV TWeY 10} pasn SI w08 ﬁH_w_ :

(AN 7/77

08 0L 09 0¢< or 0€ 0c 0T I - -0l . 01
L B ﬁ T 1171 — T 1 T[T — L B B — T 1 17T — T 171 ~ T 17171 — L T ™ O
I JsreLousery o
<+ | .- z
119]]1e( m ~lo ,\ ,,. - owoy v 1 <0
one|oso | y 1 fsing o
Y \ —1 ZOOHOD o© 1 %o
|espl \ ’ ) T 3DI3A Oled A
. | w 4 \ 1 10aTy MRUURARS
P=u_ I ! - wisson g 1 90
/ \ ) \ -1 =
\\ \ /; _ ' v -+ TI @ &
uonnqgrasip/ .,, \ _ Y ,,. T 1 80O
| B _ LT H
Jd0l1oeald S | o’ NI TR .
|28l UM 20UAI0I3P 1-153q _ T
Ae23p Jg-1s9q | - R
TOne[[S0 Jg-153q proysamp sisApeue T
elep ANV TUEY @ APNOT I

AD]OS

= ).u
(¢tuny=),u



GE

SoulJ4n2u Jo ||nd JOUC14D4IADJD

ay4 uo puadap asdaaun Ajuo2
Y4 Ul suoiipnyan|} Ayisuap

44 30 UOLLNIOAI 3y pUD 3Z15

(1) wewow sjodnniy
00t 0oe 001 o

T T T T

5G] 104 PEE=] 10} peyua]
=S BIUEUEA ILUE0D

Y0V
g0 ¥
dvinm £

J3a0W L

(eum) xg/10(1+11

b Oirf g 0% L°bL

wnJjoed h / LN ]
JBMO SS0ID) ._.m ﬂ.m\..l.\\\\. 8'0%1L°022)

] S0 i
8|eos Jenbuy

wnipads 1amod



Help from the Heaven: Large Scale
Structures

Gravitational pull of neutrinos
would 'wash-out’ large clumps of
matter. Hint: they may be light,
but there are a LOT of them.
1010 times more than protons

40




Super Kamiokande-|| | from Hayato at EP52003 |

the detector rebuilt successfully
and
resumed data taking in Dec. 2002.

SK-1I Cosmic ray muon sample

Super-Kamiokande

RSt 217
2 -2-1:0:9:7

le r: 3 5hts2 823 pE

@ r:18 hts 306 pE (in-tine)
Tr g er 1D0 x0b

Dl :169.0cm

Ful y-€naie d

Char ge( pe)
. 26

* 33-47
* 2.23
°13-2
* 07-13
* 0.207
. <02

| 20inch PMT with

' Acrylic + FRP |
Inner detector Crylic + MR+ Vesse

P ~5200 20inch PMTS with covers

PRI IS Lavas
0 500 1000 1500 2000

Times (ns)

Outer detector :1885 8inch PMTs



SuperKamiokande - solar neutrinos
flux modulation in time
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» Testing the Model: L/E Behavior
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What is the motivation here?

- first idea: A. Rubbia (ETH Zurich)
(hep-ph/0402110) - A location needed for
an ultimate neutrino detector.
100ktons of LAr as an alternative to 1

Mton of H,0.

» Also for proton decay search and
astrophysics.

* The Polish Neutrino Group began a
feasibility study in 2004.



Possible underground sites in Europe
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Example: salt mine in Poland (Sierozowice)

Example: Salt mine in Europe: Copper mines (owned by KGHM, one of
the largest producers of copper and silver in the world). Salt layer at 1000
underground (dry) Very large caverns already exist (from mine
exploitation). Possibility to host =80'000 m? detector in salt cavern under
study.

Anhydrite (100 m)

Salt (72 m)

Tabela 1. Wyniki s¢__enia substancji radioaktywnych w badanych probkach soli z kop alni
Sieroszowice.

Probka nr:

Radhonuldid 1 2 3 4
[Bg/ke]

Sy 0.40+0.06 0.34+0.05 0.10:0.02 0.14+0.02
i 1) 0.33+0.06 0.3320.05 0.1420.02 0.14+0.02
“Th 0.29+0.05 0.34:0.06 0.100.03 0.19+0.03 ) .
_redilog 0357 0.337 0.113 0.157 - Salt radiopurity test samples:
2T 0.09+0.03 0.08+0.02 0.03+0.02 0114002 g ; T
By 0.015+0.006 0.015£0.007 <0005 0.008+0.004 I1.W Mietelski, E. Tomankiewicz, S.Grabowska

K nd nd nd 21403




Salt Caverns in the Sieroszowice Mine

- temp. 37°C
- salt aerozol

* depth ~950 m
» salt layer 72 m
» chambers

100x15x15m
- oo small for a 100kton detector.







Sieroszowice vs Gran Sasso

in situ gamma-ray measurements with the HPGe portable detect  or
(crystal length 59mm and diameter 58mm) in the ,one  -meter”
geometry: detector mounted 1m above the surface,ga  mma
emitters recorded from the area in a radius of abou  t 10m, to the
depth of about 30cm depending on ground and photon e nergy.

226Ra 214pb 214Bi 212pb 228AC
[Ba/kg] [Ba/kg] [Ba/kg] [Ba/kg] [Ba/kg]
Sieroszo- <8 4.2+2.3 |2.5+0.9 0.8+0.4 0.7+0.3

wice

Gran Sasso 35+3 32+1 29+1 7.9+0.2 7.2+0.5




Impresje Witka
Nazarewicza

W. Nazarewicz (Oak Ridge)




Philip Bredesen, Governor of Tennessee, PACO5 welcome address

We are doing an inadequate job of explaining “outside” of our
community why what we do is important

“People who truly understand something, who tridydncommand of a subject,
can explain it at some level to anyone who askss&malling to try to understand

an answer. The point is that if you were asked abomething and had to resort to
that's all very complicated and until you take arse in differential equations and
then give me a blackboard | can't possibly makewmlerstand, that that was more
often a signal of a failure of the physicist to @avreal command of the issue than
of the failure of the person asking the question.

| have adapted it to my own life is thié/al-Mart Test." When | propose to take
some course of action in the public sector, | docaght experiment and imagine
how | will explain it to the Wal-Mart checkout pers Let me clear that | don't
mean in any way dumbing-down the idea, | mean takwe principle that if |
understand well enough what | am doing, | can ctgexplain it to another human
being with a different reference point. If | carcsessfully do this thought
experiment, | have the makings of a plan.”



Nuclear Science: Three Frontiers

+ QCD
* Nuclei and Nuclear Astrophysics

* Fundamental Symmetries & Neutrinos

; Eleven Questions g




subfemto.. )01 [

‘Effective fields

How does complexity emerge from
simple constituents?
How can complex systems display

g‘l’ N Giga...
astonishing simplicities? f & ==

PR >~ Physics 1 n¢

How do nuclei shape the physical
of Nuclei

’ universe?

AST =
.. . -._"-' _ r.ophysics =

*In-medium interactions KOr'igin of the elements
‘Symmetry breaking Energy generation in stars
-Collective dynamics -Stellar evolution
‘Phases and phase transitions *Cataclysmic stellar events
*Chaos and order ‘Neutron-rich nucleonic matter
‘Dynamical symmetries ‘Electroweak processes
-Structural evolution ‘Nuclear matter equation of state

. / . /




Questions from

the Science
125 Questions:
What don't we know? WHET DON'TWEKNOW:

What is the universe made of?

Can the laws of physics be unified?

Where do ultra-high energy cosmic rays come from?
Why is there more matter than anitmatter?

Are there building blocks smaller than quarks?

Are neutrinos their own antiparticle?

Are there stable high-atomic number elements?

Is there a unified theory explaining all correlated electron
systems? [hadron systems? quark systems?]



Philip Bredesen, Governor of Tennessee, PACO5 welcome address

Big science has had a great run for the last 6Gsy&anhattan
project, Sputnik and space exploration, the exploaind
excitement of particle physics and acceleratory#tienale was
obvious and easy. But those rationales are gdammjin the tooth
now, and need to be reinvigorated.

(...) the reality Is that resources are scarcerdhhty is that big
science needs resources that only the governmersugply, and
the reality is that those scarce resources witibgimose things that
ordinary citizens think are important to themselaed to their
children and to our nation. That's our job, to reendnat connection
In the 21st century.

There's nothing wrong or demeaning in this; eveahdiangelo
had patrons who had a seat at the table and néetedsatisfied.



We need to be more effective...

.. when explaining “our stuff” to

Our students (who often do not see the forest from the trees)

Our nuclear science colleagues @is confmnce!/\ﬂ

Other physicists (CMP and HEP in particular)

Sponsors
Family and friends

.. and this friendly Wal-Mart checkout person



Laureat za rok 2004:
dr hab. Bogdan Fornal (IFJ PAN Krakow)




PROGRAM OF THE XVIII WINTER SCHOOL
Bielsko-Biata, Poland 1980

Monday, 11th February Arrival

19°° - Opening

Tuesday, {2th February

Chairman: A. Hrynkiewicz
9°° - Z. Szymahski
Recent development in high~spin nuclear physics.
16°° - P. Taras
Do nuclei near N=82 have an oblate shape at high spin?

00

17°° - V. Enghardt

High spin states in N=80 nuclei.
Seminar

19°% - J. Jastrzebski :
High spin isomers near N=82.

¥ednesday, 13th February

Chairman: H. Morinaga

9% . P. Kleinheinz
1“6{;(1 and the Z=64 closure.
16°° - S. Lunardi v

Structure of the yrast line in the N=84 isotones of Gd,
Tb and Dy.

17°® - M. Piiparinem
Structure of yrast states of the N=85 isotones.

Thursday, 14th February

Chairman: A. Budzanowski
9°° - J.P. Wurm
On the exporimental assesment of time scales in
heavy ion reaction.

16°° - H. Machner

Particle decay of unbound states.



Proton number Z

240

2/8

appearence
erosion at N=32

atN=20
425ﬁ

Neutron number N
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Po konferenciji...

Spotkanie SPARC
wspotpracy CBM Workshop
(Compressed +Atomic Physics

Baryonic Matter) in Strong Fields”

~60 uczestnikow| |~80 uczestnikow













