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Outline

1) Tools — femtoscopy, correlation functions and

spherical harmonics

2) How does the source geometry depend on centrality
and energy of the collision.

Is it consistent across various systems?

3) What are the source dynamics? Is there a species dependence

in the source?

4) Summary and conclusions
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Few Words About Femtoscopy
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Few Words About Femtoscopy

Correlation function

Source
S(x,p) 22\

P, (p1,p2)
Py (p1) P (p2)

C(p1,p2) =
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Few Words About Femtoscopy

Single-particle distribution
Correlation function

dN
Pl(p)_E_— d4XS(X,P) P(p Y )
d3 _ 2\M1 P2
p J h C(pl:pZ) - P1(P1)P1’(p2)

S(x,p) - emission function: the
distribution of source
density probability of
finding particle with x and p

Two-particle distribution

dN
P,(p1,p2) = E1E; d3p,d3p, jd4 x1S(x1, p1)d* x5S (%2, p2) P (x2, P2 | X1, 1)

@ — pair mutual interaction

Correlation function shows echo of emission
function as seen through pair mutual interaction.
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Types of Correlation Functions

Identical particle combination
Quantum Statistics (QS)
Final State Interactions:

Coulomb Interaction (COUL)
Strong Interaction (SI)

Non-identical particle combination

Final State Interactions:
Coulomb Interaction (COUL)
Strong Interaction (SI)
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Types of Correlation Functions

Identical particle combination
Quantum Statistics (QS)

Final State Interactions:
Coulomb Interaction (COUL)
Strong Interaction (SI)

UrQMD Au+Au; R, = 3fim

M. Bleicher et al.
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Types of Correlation Functions

Non-identical particle combination

Final State Interactions:
Coulomb Interaction (COUL)
Strong Interaction (SI)

UrQMD Au+Au; Ry, = 3fm

M. Bleicher et al.
J. Phys. G: Nucl. Part. Phys. 25, 1859-1896 (1999)

M. Gyulassy et al.
Phys. Rev. C20, 2267-2292 (1979)

H. D. Boal et al.
Rev. Mod. Phys. 62, 553-602 (1990)

Proton - anti-proton correlation functions Rinv= 3fm
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H. Zbroszczyk, Studies of baryon-baryon correlations in relativistic nuclear
collisions registered at the STAR experiment. PhD thesis, WUT, 2008.

S. E. Koonin et al.
Phys. Lett. B70, 43-47 (1977)

R. Lednicky
Sov. J. Nucl. Phys 35, 770-788 (1982)

16th May 2018

Sebastian Siejka for the STAR Collaboration 4/16



Source Dynamics — Spacetime Emission Asymmetry

Time asymmetry Space asymmetry
t]_ ?é t? tl — tQ tl = t?
Ar =0 Ar # 0 Ar #0
V;
1 Vi Vi
Va Va
t1 > ty - Catching up Catching up Run away
to > t1 - Run away
Catching up
t — emission time longer interaction,
r —emission point distance from the center strong correlation

Running away
shorter interaction,

R. Lednicky, et al., weak correlation
Phys. Lett. B373, 30-34 (1996)
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Source Dynamics — Pion-Kaon Results @ 130 GeV

; Calculations
1.1—

Blast wave
AN RQMD
N RQMD no rescattering
o 1 L G

0.9

1.05

i o
g 1I~Egﬁﬁﬁrﬂﬂﬁmﬂﬂ&%i%ﬁﬁ@ﬂﬁﬂmﬂﬁﬁ &
A
%4 A out
¢ side
0.95 olong | 0.95[ .
1 1 1 1 0
1.05" K- f K K* (GeVic)
A o (fm) (Ar},) (fm)  x* / dof
) 1|_+_%_%_ TPl L Aoobebabes Data 12.5 +0.4737% —5.6 +£0.67}5 134.5/110
S Jk* Lhpkee g ¢ RQMD 118404  —8.040.6  205/54
RQMD 5.8 4+ 0.1 —2.04+0.3  940/54
0.95 no rescattering
' 0 555 57 ;) b o BWP 9.9+0.1 —6.9+0.3 1020/118
k* (GeVic) k* (GeVic)

Pions are emitted later and/or closer to

J. Adams, et al. the center than kaons.

Phys. Rev. Lett. 91, 262302 (2003)
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Spherical Harmonics

C(q) = Zum (M (@Y (6, 9) C"(q) = J, €(q,6,9)Y™(6,9)d0

(1 —full solid angle
Y™ (6, ¢) — spherical harmonic function
q = 1q|, 8, ¢ — spherical coordinates

0,02

0,015

0,01

—
& 0,005
\—/
)
. . . . 0
CJ -> sensitive to the size of the emitting source
(shapes same as correlation function) -0,005
-0,01
Cl -> sensitive to the spacetime emission asymmetry i o - v
1 R
k* [GeV/c]
P. Danielewicz and S.Pratt. A. Kisiel —— asymmetry visible
Phys. Lett. B618: 60 2005 Phys. Rev. C81:064906 2010
—— N0 asymmetry
P. Danielewicz and S.Pratt. A. Kisiel and D. A. Brown
Phys. Rev. C75:034907 2007 Phys. Rev. C80:064911 2009

16th May 2018 Sebastian Siejka for the STAR Collaboration 7/16



Centrality Dependence (Non-ldentical Particle Combinations)

— 5 @ Au+Au 39 GeV
7 — K @ Au+Au 39 GeV 6 P~ P @AurAu 33 Ge

1.1 1 52_ - 0-10%
I - 0-10% ~ET e 0-10% fit
g S 0-10% 1.4} ~@- 10-30%
1.08:— % -10-30% 1.3 i— ------- 10-30% fit
i — 1_22 —4— 30-70% _
1.06_— _._30_700/0 E 11§_¢ ------- 30-70% fit
i O =
- = Unlike-sign 0.85 STAR preliminary
1.02 - TE stat. uncertainties only
- o 0.7 = not corrected for feed-down
" == =l by e e e
x o e s TN 065 005 01 015 02 025 03
- s aad) k* [GeV/c]
0.98- =EI
- == Like-sign Clear centrality dependence
L ey R(0-10%) > R(10-30%) > R(30-70%)
0.94
I - -4
- STAR preliminar
i not corrected for feed-down
0.9||||||||||||||\|||||||||||||| 0-10% 339i012i014
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
k*[GeV/c] 10-30%  2.69 + 0.10 + 0.12
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Centrality Dependence (ldentical Particle Combinations)

p —p @ Au+Au 39 GeV p —p @ Au+Au 39 GeV
I8¢ - 0-10% 18 M- 0-10%
155 STAR preliminary " " 155t STARpreliminary .~
1'4?# & 10-30% 145 * & 10-30%
g 1.3;—* 0 ....... 10-30% fit g 1.3 ;_0 "'-; """" 10-30% fit
g 1.2;— Q — % 30-70% g 1.2;— ' Qﬁ —4—30-70%
© 1.1H % 7 30-70% fit © 1.\, 20202000000 7 30-70% fit
1 1 ‘
0.9 3» not corrected for feed-down stat. uncertainties only 0'9;_ not corrected for feed-down stat. uncertainties only
il O T TR T N T N NN [ S N N S O N HR  AN N N SO N EN S R R il O T TR T N T N NN [ S N N S O N HR  AN N N SO N EN S R R
0. 0.05 0.1 0.15 0.2 0.25 0.3 0. 0.05 0.1 0.15 0.2 0.25 0.3
k* [GeV/c] k* [GeV/c]

centrality R;,, p — p [fm] Riny P —p [fm]

0-10% 4.00 4+ 0.15+0.02  3.83 + 0.20 + 0.03 No significant difference
betweenp —pandp — p

10-30% 3.61+0.13+0.17 3.68+0.15+0.11 . )
correlation functions.

30-70% 2.72 +0.07 £ 0.07 2.95+0.114+0.08
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Centrality Dependence (ldentical Particle Combinations)

p —p @ Au+Au 39 GeV p —p @ Au+Au 39 GeV
I8¢ - 0-10% 18 M- 0-10%
155 STAR preliminary " " 155t STARpreliminary .~
1'4?# & 10-30% 145 * & 10-30%
g 1.3;—* 0 ....... 10-30% fit g 1.3 ;_0 "'-; """" 10-30% fit
g 1.2;— Q — % 30-70% g 1.2;— ' Qﬁ —4—30-70%
© 1.1H % 7 30-70% fit © 1.\, 20202000000 7 30-70% fit
1 1 ‘
0.9 3» not corrected for feed-down stat. uncertainties only 0'9;_ not corrected for feed-down stat. uncertainties only
il O T TR T N T N NN [ S N N S O N HR  AN N N SO N EN S R R il O T TR T N T N NN [ S N N S O N HR  AN N N SO N EN S R R
0. 0.05 0.1 0.15 0.2 0.25 0.3 0. 0.05 0.1 0.15 0.2 0.25 0.3
k* [GeV/c] k* [GeV/c]

centrality Riy, p—plfml Ry P—Plml Ry p—Blfm]

0-10% 4.00+0.15+ 0.02  3.83+020+0.03  3.39+0.12 + 0.14 No significant difference
betweenp —pandp — p

10-30% 3.61+0.13+0.17 3.68+0.15+0.11 2.69 + 0.10 + 0.12 . )
correlation functions.

30-70% 2.72 +0.07 £ 0.07 2.95+0.11+0.08 2.56 +0.09 +0.12

Feed-down correction for residual correlations is in progress.

Radii from p — p and p — p systems differ from radii fromp — p
system —> residual correlations contaminate correlation functions.
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Energy Dependence

p —p : Au+Au 0-10% p — P : Au+Au 0-10%
1.21 1.5¢
1 155— + i 14c
. : * 0-27 GeV 27 GeV fit 13Ee 27 Gey 27 GeV fit
o 10| [ide* o -
= Ty +¢* %-115GeV --115GeVfit | = 1.2
S 1.05- S 112 ¥ 11.5GeV --11.5 GeV fit
- e STAR preliminary 1 = S
1t . : *ﬁ _____ —g Y
- B8 - 0.9 | T STAR prellmmary
B not corrected for feed down stat. uncertainties only = _T_ not corrected for feed down stat uncerta/nt/es only
! I T W I S R T N —
0.9%"0.02 004 006 008 01 012 014 08002 004 006 008 0.1 012 0.14
k* [GeV/c] k* [GeV/c]
Ny m— K : Au+Au 0-10 %
Energy dependence more pronounced ok +%’>$ g%\év
for p — p system than for p — p system. 106 ? 7.7 GeV
104 Unlike-sign
- 102
energy R, p—p [fm] Riny, P — P [fm] X -
7.7GeV 3.59+0.16 + 0.19 0.98; %i . STAR preliminary
11.5GeV  3.66+0.08+0.05  3.30+0.42+0.28 096 Like-sign A
19.6GeV  3.82 % 0.15 % 0.06 3.32+0.25+ 0.13 094 % FO
27GeV  3.80+0.12+008  3.49+025+0.16 082 not Cjﬁ‘r’jcfe”cf%’;‘}’:jﬁ,ﬂ
0.9 ' :

o

002 004 006 008 01 012 014

39GeV  4.00+ 0.15+0.02 3.39+0.124+0.14 A
k*[GeV/c]
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Energy Dependence

p —p : Au+Au 0-10% p — P : Au+Au 0-10%
1.5¢
W39 GeV 39 GeV fit = 39 GeV - 39 GeV fit
-27 GeV - 27 GeV fit = : o 27 GeV - 27 GeV fit
4-19.6 GeV - 19.6 GeV fit | - | 19.6 GeV fi
¥1156eV --115Gevfit | < T2 +19.6GeV - -0 Geviit
+-7.7GeV - 7.7 GeV fit O T »11.5 GeV --11.5GeV fit
STAR prellmmary - ;‘; - B
- SRR ARSI RRpTTIRY | N 2 “STAR prellmmary
B not corrected for feed down stat. uncertainties only = _T_ not corrected for feed down stat uncertamt/es only
! I T W I S R T N —
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k* [GeV/c] k* [GeV/c]
Ny m— K :Au+Au 0-10 %
Energy dependence more pronounced ok +%’>$ g%\év
for p — p system than for p — p system. 106 ? 7.7 GeV
104 Unlike-sign
- 102
energy R, p—p [fm] Riny, P — P [fm] X -
7.7GeV 3.59+0.16 + 0.19 0.98; %i . STAR preliminary
11.5GeV  3.66+0.08+0.05  3.30+0.42+0.28 096 Like-sign A
19.6GeV  3.82 % 0.15 % 0.06 3.32+0.25+ 0.13 094 % FO
27GeV  3.80+0.12+008  3.49+025+0.16 neer ot C;ffgc;g;;;gi‘j::;j;gfv’,{
39GeV  4.00+0.15+0.02  3.39+0.12 + 0.14 "% 002 004 008 008 01 012 014
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Energy and Centrality Dependence

R;,, dependence

4.5 — PP
- STAR preliminary
u L
—_— 3.5:— |:£| |:+:| B o10%
g 3:_ ¢ 1030%
II'E = 4 . 7 N 0 @ 3070%
25 @
2 ;_ Significant
1_5_uuuuluu..I....|....|....|....|....|.. centrality

5 10 15 20 25 30 35 40 dependence.

VS [GeV]

Feed-down correction may
decrease significance of centralities.

\/Syn dependence
weak for all

centrality dependence.
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Energy and Centrality Dependence

R;,, dependence

4.5 — P
""E STAR preliminary —
41—
—_— 3.9 |:£| |:+:| B o10%
g 3 - 4 & 1030%
Eli'E - 4 . 0 0 = @ 30-70%
25 ®
2 = Significant
1 5_| P v v v b v v by o b by centrality
5 10 15 20 25 30 35 40 dependence.
VS, [GeV]
\/Syn dependence
No significant difference between Feed-down correction may weak fc')r. all
p — p and p — P correlation decrease significance of centralities.
functions at /sy =39 GeV centrality dependence.
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Energy and Centrality Dependence

R;,, dependence

4.5 — P
""E STAR preliminary —
e % — p-p
—_— 3.5 :_ @ B o10%
g - & 1030%
£ 3 = 4 @ 30-70%
o - %
250 © % Eé]
2 - $ Significant
1 5 - L1 | | 1 rr v by v by o by o b by Centrality
D 15 20 25 30 35 40 dependence.
VS, [GeV]
\/Syn dependence
No significant difference between Feed-down correction may weak fc')r. all
p — p and p — P correlation decrease significance of centralities.
functions at /sy =39 GeV centrality dependence.
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System Dependence

Like-sign 0-10% @ Au+Au 39 GeV Unlike-sign 0-10% @ Au+Au 39 GeV
1.05[ 125
- = STAR preliminary
e e — v 1.2
~ v = = ) )
el = - ~ntK 1K'
095 —— 1.15— = -
- —+ , TP TP
X ool e X ~K'p K
%60‘97 et K ~ 1 K %’61‘1— P P
= - =
0851 TP ~TP josE- =
: =+ o= -~
08— . . 1= — . . . . —a
~ STAR prellmlnary - j;_;'zzizj:*ﬂs?vt uncertainties only
=4 not corrected for feed down stat. uncertainties only - +$ not corrected for feed down
0-75l¢_| | | ‘ | ‘ 1 1 1 ‘ 1 1 1 | 1 0-95_ 1 | 1 | | 1 | ‘ 1 1 1 | | ‘
0 002 004 0. 06* 008 _ 0.1 012  0.14 0 002 004 00 008 o RFEEERFY
k [GeV/c] [GeV c]

Clear system dependence

Like-sign: correlations dominated by Coulomb
interaction

Coulomb strength depends on Bohr radius of the
pair

K — p —lowest Bohr radius, strongest correlation

CJ -> sensitive to size of source

16th May 2018 Sebastian Siejka for the STAR Collaboration 12/16



System Dependence

Like-sign 0-10% @ Au+Au 39 GeV Unlike-sign 0-10% @ Au+Au 39 GeV
1.05_ 1.25_
- = STAR preliminary
1 s s > 124
o = -~mtK 1K'
0.95— =«=_+_—'_ 115/ — . D e
~ T . —~ = Apeakvisible +E P
= 09— et Kt T K = 1= ~-K'p ~—Kp
O r I T D O ==
0.85;:__,_ +K+F:) +K-F:_) 1.05;— ii .
i ° ° :_ E'EE'E - o = . - _4.}’_ g —N—j
0-8: STAR prellmlnary 1: i H";“':ziizj:ﬂpﬂs?at?uncertamt/es only
=4 not correctedforfeed down stat. uncertainties only : —— not correctedforfeed down
0.75—4—= . | | \ | (R RS 095 AC*. ‘ \
0 0 02 0 04 0 06 0 08 0.1 0.12 0.14 0 02 0 04 0 0 08 0 1 0. 12 0 14
k*[GeV/c] 1 [GeV c]
CI(K — p) different shape due to stron
Clear system dependence . o .p) . &
interaction
Like-sign: correlations dominated by Coulomb
interaction Unlike-sign: interaction more complicated
Coulomb strength depends on Bohr radius of the
pair Strong interaction not negligible in K — p.
K — p —lowest Bohr radius, strongest correlation

CJ -> sensitive to size of source
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Source Dynamics — Centrality and Energy Dependence

T — K @ Au+Au 39 GeV

i --0-10%
0.04— o
I -10-30%
i --30-70%
002:1!.—
ae Like-sign
S
= 0 %
o | =
i $ Unlike-sign
-0.02=_
- 4+ -
: il
STAR preliminary
—0.04 not corrected for feed-down
B stat. uncertainties only
e b b b b b b b

Clear signal of
emission
asymmetry

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

k*[GeV/c]

0.04

0.02

-0.02

Asymmetry does
not disappear for
low energies.

-0.04

T — K : Au+Au 0-10%

- -39 GeV
I -11.5 GeV
i -7.7 GeV

ll
T

|

T .L T

I Unlike-sign

T+ -
-I—+_ +_+
4+ STAR preliminary

not corrected for feed-down

B stat. uncertainties only
el b b b b b b

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Cl1 -> sensitive to spacetime emission asymmetry

k*[GeV/c]
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Source Dynamics — System Dependence

Like-sign particle combinations Unlike-sign particle combinations
1,1 16
1,05 '
1 ) P
T 095 * 1,4
=~ 09 5 1,3
c?; 0,85 oo
Q08 o 12
0,75 11
0,7
0,65 1
0,6 0,9
0 0,05 0,1 0,15 0,2 0 0,05 0,1 0,15 0,2
0,02 0,01
0
0,015 i i ~ ) )
g nghterdpalrtlcle i 5, oo Lighter particle
0,01 — 0,02 .
g emitte cdoserlto the 5 oo emitted closer to the
O . '
0,005 center and/or later. 008 center and/or later.
0 -0,05
-0,06
-0,005 0 0,05 0,1 0,15 0,2
0 0,05 0,1 0,15 0,2
0,005 0,06
0 0,05
g oavi il 004 Heavier particle
_ eavier particle 2 :
O VIer P 003 emitted closer to the
S oo emitted closer to the 0o
: center and/or later.
von center and/or later. 0,01
’ 0
-0,02 -0,01
0 0,05 0,1 0,15 0,2 0 0,05 0,1 0,15 0,2
k* [GeV/c] k* [GeV/c]
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Source Dynamics — System Dependence

Like-sign 0-10% @ Au+Au 39 GeV Unlike-sign 0-10% @ Au+Au 39 GeV

CJ -> sensitive to size of

1.05 1.25 . .
- == STAR preliminary SOUICE
| IS ones =2oat e e 12_3*— Stc’;f’&c_e”“’””;_s&f’y C{ -> sensitive to spacetime
[ —— —— [ —- —— . o
095 —i— T 115/ _ ; emission asymmetry
e s : smp wp
= oo K T K JORR ~K'p  +Kp BES Il will improve results.
O b " - = © L =
oss “ p “ P 1o K A peak — P 0-10% @ Au+Au 39 GeV
Ce —— I C === - P p (Y
- STAR re lmmar B -, . o
08 not correcP d for feed- dowx = —+ Biee—= == PoeE
Sl | , stat. uncertainties only - r*—::\+ | not c?r r ecte:df or f leed—do‘wn .
0'750_H ‘0.02‘ ‘ ‘0.04‘ I I 008 01 0 12 0 14 0'950 = ‘0.02‘ ‘ ‘0.04‘ I 006 ‘ 0.1 = ‘0.12| ‘ ‘0.14‘ 0.015;_
k*[GeV/c] k*[GeV/c] 001
~ 0.025=— T MD?E_ I i B sl —+—
0.02 STAR preliminary 0.02 | STAR preliminary |< ,.; ‘ -
stat. uncertainties only 0-015;_ stat. uncertainties only -0-01? STAR pr eliminar y
0.01- Jr not corrected for feed-down 0.011= not corrected for feed-down oasE- not corrected for f .ee§f—down
_ 0,005 4 002 stat. uncertainties only
g 0:_4 % —— _+_+Af+ﬂf$ﬁ% — g og_ ';:@;@—:; " i—w—g—i — 002555 05 o0d OOBK‘[C%!(?V/‘C]‘ o1 oaz oaaoae
3 C o —+ T
- +TE+ K+ +TE‘ K —0.005; e
-0.01— -0.01— . .
oL ot =T P g Heavier particles have
: i P -oors ~mp -K'p A peak ush by f
—0.02%H ~K'p ~KDp -0.02- =T K" =Tp =Kp stronger pus y riow
(; ‘ I0.‘02I 064 ‘ ‘ ;_ 008 — 0|.1 - IO.‘12‘ ‘ IO.‘14‘ _0'025(; ‘ OOlG(I* IG‘O\.‘(/)? ‘ ‘ 0.‘12‘ 0‘14 towards the edge Of source
K [GeVic] [Gevic] than lighter particles. Heavier
Expected ordering of particles: particles freeze-out earlier.
Lighter particle is emitted closer to the centre and/or later.
A. Kisiel
. . . . Phys. Rev. C81:064906 2010
No visible asymmetry between protons and antiprotons — similar masses. y
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Summary

Geometry:

* Visible centrality, system and energy dependence of source size at BES
energies

* No visible difference between proton-proton and antiproton-antiproton
correlation functions at \/syy = 39 GeV

* Correlation functions contaminated by residual correlations — residual
correction required

* Strong interaction not negligible in kaon-proton
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Summary

Geometry:

* Visible centrality, system and energy dependence of source size at BES
energies

* No visible difference between proton-proton and antiproton-antiproton
correlation functions at \/syy = 39 GeV

* Correlation functions contaminated by residual correlations — residual
correction required

* Strong interaction not negligible in kaon-proton

Dynamics:

e Clear signal of emission asymmetry for particles with different masses at BES
energies

 Asymmetry does not disappear for low energies
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Summary

Geometry:

* Visible centrality, system and energy dependence of source size at BES
energies

* No visible difference between proton-proton and antiproton-antiproton
correlation functions at \/syy = 39 GeV

* Correlation functions contaminated by residual correlations — residual
correction required

* Strong interaction not negligible in kaon-proton

Dynamics:

* Clear signal of emission asymmetry for particles with different masses at BES
energies

 Asymmetry does not disappear for low energies

* Lighter particles are emitted closer to the center of the source and/or later
than heavier particles — flow gives heavier particles stronger push to the
edge
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Summary

Geometry:

* Visible centrality, system and energy dependence of source size at BES
energies

* No visible difference between proton-proton and antiproton-antiproton
correlation functions at \/syy = 39 GeV

* Correlation functions contaminated by residual correlations — residual
correction required

* Strong interaction not negligible in kaon-proton

Dynamics:

* Clear signal of emission asymmetry for particles with different masses at BES
energies

 Asymmetry does not disappear for low energies

* Lighter particles are emitted closer to the center of the source and/or later
than heavier particles — flow gives heavier particles stronger push to the

*“®¢  Thank you for your attention
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Coulomb Interaction and Bohr Radius of the Pair

Pair mutual interaction: A. Kisiel

“ —ik** . . «~ G(p1m) Braz. J. Phys.37:917-924 (2007
@C).(r*) = A [em* T F(=in, 1,i8) + f (k) <22 v 12007)
A — Gamow factor
E=k*r*(1+ cos8%)
n = k*la where a. is the Bohr radius of the pair

C
p =k*r
F — confluent hypergeometric function
G - combination of regular and singular s-wave Coulomb function

fc - Coulomb-modified strong interaction scattering amplitude
8* - angle between pair relative momentum k™ and relative position r*

ac, fm +387.5 £248.6 2225 +109.6 1+83.6 +57.6

Qc, MeV/c 6.4 10.0 11.1 22.6 29.7 43.0

ac - pair Bohr radius including the sign of the interaction _
4T R. Lednicky

Qc = 2k; = Tl characteristic width of Coulomb interaction DIRAC Note 2004-06,
CERN (27.11.2004)
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