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HMccnenosaHnee B3aHMOJAEHCTBHI AHTHHNPOTOHOB
AHTHAEHTPOHOB C NOMOIIBLIO 2-M >»KHAKOBOAOPOAHOM
Kamepb! «Jlroomuna»

KXnagkosopgopoaHasi ny3blpbkoBas kamepa “Jlrogmuna’”
6blna umarortoBneHa wu ucnbiTaHa B JIB3 OUNAUN, u B 1969
nepeseseHa B WNPB3. OHa Obinna cmMoOHTUpOBaHa Ha
cenapuvpoBaHHOM nMny4dYke aHTUNpoOToOHOB yckoputens Y-70

NMPB3OS npu makcmmanbHOM nmMmnyrnibce 22,4 MaB/c.

XapakrepucTmukm Kamepsbl “Jlroomuna:

Pabouvn o6 bem 2,0x0,6x0,52=0,624 m>.

TepmMmuyeckasi M3onsiLumsa: Aroap obvemom 7,5 m?3,

I'IpOCTpaHCTBO Me>i<,qy cCTeHKamm 3anosyiHeHoO
cynepmsonupyroLwmmm crnosmum, gasrneHmne B obbveme -- 10°
Topp

MexaHun3m pacwumpeHus: nopwHeBoOoro Tuna c

nopwHem anameTpom 400 mm

OcBeweHune: aBTOKOJIJIMMaAaLUmMoHHasAa cumuctema C
mncroinb3oBaHMemMm B KadecTBe oTpa>xXaTeJyibHOro asremeHTa

chepumnHeckoro nofiocartoro sepkana.

4 cboTOKamMepbl, pacrnosyioXeHHble

dDoTorpacdpmpoBaHme:
pacnorio>XeHHble no yrmnam

kBagpata 460x460 mm 2.

MarHnmTHOEe none: 2.5 Thn
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CxemaTnYecKuil yepTex BOINOPOIHOW Kamepu "Jhomvuiia" .

Koprryc xamepu
MexaHW3M paculIpeHusI
Kpuirka BaxyyMHOI'O KOXyXa
JAsloapHas cucTeMa HU3OJLALINKU
Konyc

CrepeodoToannapaT
T'siaBHOE cTEewrJIo
"IlosmocaTHi#" pacTp
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NMpu oGnyyeHum O6biINo nonyyeHo okono 600 Twic.
cTtepeochoTorpacpmuin. O6paboTka AaHHLIX NpoBoAUNach
B paMkKax MeXayHapoAHOro cCoTpyaHMYecTBa, B KOTOpoe
kpome OUAN Bxoaunu uHcTutyTel MNMparu, BpaTucnassl,
Kowwuue, Anma-Atbl, XenbcuHku, MockBbl, Tounucw,
Codcuu, ByxapecTa.

NMepBoe

pabo4ee coBellaHMe COTPYAHUYECTBA COCTOSINIOCH B
Jly6ue 14.11.1973.

3aknr4yuTernbHoe

paboyee coBellaHue coctosrniock B Ctapa JlecHa
02.11.1990



KP’71-75: Correlation Femtoscopy
Fermi’34

momentum correlations of emitted particles are sensitive to
space-time structure of the source due to

_~total pair spin

exp(-ip,x,) p zﬂ CF=1+(-1)>(cos gAx)

d »
< »

R

\ 4

0 lal



NuaTepdepeHINA TOKIACECTBEHHBIX YACTHIL
OddexT IMoaropenxkoro-Konsrrosa)
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A study of the interference effect in identical particle pairs for
inclusive p-bar p interactions at 22.4 GeV/c
Yad.Fiz. 27 (1978) 1556-1564
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Observation of the dependence of the interference

effect of identical pions on pion pair velocity in
inclusive p-bar p interactions at 22.4 GeV/c

Czech.J.Phys. B31 (1981) 475

CF =1 + a exp[-(Ra/2)? - T2q,?%]

The interference parameters a, R, and 7 in various v*-intervals.

2. R T
-interval N

0 =10icrv a {fm] [fm]
0- ,0-34 2887 0-13 &+ 0-09 25+ 17 0*)
0-34, 0-52 3404 0-64 = 0-31 2:8 +0-8 30+ 12
0-52, 0-64 3062 0-34 & O-14 14 += 0-5 24 = 10
0-64, 0:76 3451 085 £+ 025 234+ 05 25+£06
0-76, 1- 4093 1+ 4 0-11%) 1-8 4 0-2 06+ 01 «
0-34, 0:76 9917 0-64 4 0-15 2:5 4+ 04 28 L 0h

*) On boundary. 10



Velocity dependence of the interference effect
— an evidence of a non-static pion source

Pp—T+p+...S= 6.6GeV

foo
Example: pion + Resonance (p) model : mris ]
: —_—1/3

-1

[* = decay length in PRF
= Pgo/(MI) = 3fm

do=vq, — yvt=yr =[*

Other examples of non-static models
(radii decreasing with the pair velocity):
strings
hydrodynamic expansion
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“General” parameterization at || — 0

Particles on mass shell & azimuthal symmetry = 5 variables:
q i {qxl qyl qz} = {qoutl qsidel qlong}l palr Ve|OC|ty V= {VX,O,VZ}

4+ y=side Grassberger’77

= qp/Pe=qV = q,V,* q,V, RL'78

X = out | | transverse
> pair velocity v,

z=long || beam

icos qAx)=1-%4((gAx)*)+.. = exp(-R,%q,” -R,*q,” -R,*q,* -2R,,°q, q,]
Interferometry or correlation radii:

R =% ( (Axv AL)E ), R € =06 ( [Ay)e ), R € =% ( [Az v At)e )

Podgoretsky’83; often called cartesian or BP’95 parameterization



Correlation strength or chaoticity Interferometry or correlation radii

Examples of present data: NA49 & STAR
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é Emission points at a given tr. velocity
() ( /m) 2= (y?)
2= (D20, YUK
(2 = (D))= )

For a Gaussian tr. density profile:

p(r) ~ exp(-r/2 2)
and a linear flow velocity profile:

BF(r) =, r/R. >
=1.01 GeV/c 2= 2/[1+ 2m,/ ]
10 5 0 5 10 .
R, (fm)
- ( ) = evolution time - = emission duration

— = tr. flow velocity —spectra — = temperature



m, scaling of the invariant Gaussian
radius — universal transverse flow

i, K, p, A STAR 200 AGeV Au+Au) radii
show m, scaling expected in hydrodynamics
due to collective flow

i

"
v # .

K: coupled-channel fit
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AGS—>SPS—RHIC: radii

Clear centrality & m,dependence

STAR Au+Au at 200 AGeV
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Weak energy dependence

0-5% central Pb+Pb or Au+Au
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Contradiction with transport
and simple hydro calcul.

Basically due to the

(likely related to the
increase of the initial energy




partonic energy fraction

Cassing — Bratkovskaya Parton-Hadron- Strlng Dynamics

Perspectives at FAIR/NICA energies

partonic energy fraction vs centrality and energy

Pb+Pb, 158 A GeV

¢ [fmc]

= Dramatic decrease of partonic phase with decreasing
energy and centrality !

partonic energy [racton
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Femtoscopic signature of QGP onset

3D 1-fluid Hydrodynamics
Rischke & Gyulassy, NPA 608, 479 (1996)

d./d,, = 37/3

With 15t order
Phase
transition

Long-standing signature of QGP onset:

due to the Phase transition
hoped-for “turn on” as QGP threshold in  is reached
decreases with decreasing Latent heat & increasing tr. Flow

(high  orinitial tr. Flow)
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(x 107" fm™)

Imaging
Source Compared to Therminator Model

F0,20p, 0,36 GeVic
' g' -0,35<y, -y,<0.35

: (a) 8"+ Sig+ Sur+ Sig

ouT

Au+AL '-.'5.“H=ECIDGE'I.I'
Jecan=20 %

 (b) s" + S+ Sjy+ Sig

1,=8,55im/c, p, =8 92im

O Image
Therminator Blast-Wave

& Ar=(, Res decay OFF
& Ar=0, Res decay ON
O Ar=#mfe, Res.decay ON

(rwsou) (ywpe

dr’ AT

Kisiel et al. PRC73(06)064902

PHENIX PRL100(08)232301

Emission smeared out with

AN o(r' — 1)

exp [— {T’r — T)fﬂ*r]
AT ~ 2tm/c needed

Distribution of emission pts
In Longitudinal CM time f cp.

) ~12fm/c
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Source & Correlation for Different Directions

Source

Correlation

0, af
1ok fa) C" 4+ G5 (d) §° + S
Lis5f & Fh+Fo ! QuUT |0
I.I = L I'llsqh=1?-3 E‘IEIIIII ;:‘{IE_
106 4, Oacen<T % L[ Rt
1
12F ¥
o ¥ R SIDE [10°
oo Dep<70 MeVie o
Lir -0-354v,-y,<0.35 1 .
o5k N, f
1
1
iR "
i
.0sp -Il:l":l-u-r
1 IIIIIII 1

i 1I:I E:I C'IEI -T-I:I g 5 W 1% 20 25 3

q (MeVic)

Ellipsoid: just anisotropic Gaussian. ..

r (fm)

NA49 arXiv:0809.1445
Harmonic decomposition

& analysis of
individual harmonics
maging: test of consistency
E_,h Hump function with short +
) ong-range structure:
= ) f 2 % 2
r)=\exp| —
") d 5(4.&.3.5 Tanz, " 4&55)
2 2 2
X Z
~haaz 4};;.2 )]
xl yl zl

+(r/rp)?, f=1—fs
B



Conclusions and prospects
related to Correlation Femtoscopy

Wealth of data on correlations of various particle species
( ) is available & gives unique space-time info on
production characteristics including collective flows

Absence of fluctuation & femtoscopic signals of CP and 1-st
order PT at \s,, < 10 GeV is likely due to a dramatic decrease of
partonic phase with decreasing energy

Search for the effects of QGP 1-st order PT (onset and CP) can
be successful only in dedicated high statistics and precise
experiments like and FAIR allowing, particularly, to search
(beyond the usual Gaussian radii) for the enlarged emission
duration

‘s



Oo0Opa3zoBaHue ME30HHBIX PE30HAHCOB

$ i
Auann3 cnexrpa 3¢pdexruBapix mace 7 77 m KK

do
dM

- 7" BW (M).BG (M) + %BG(M)

i BG

I = po’f25¢

M
BW(M)=——T(M)/[(M?* —M.*)> + M.°’T*(M
()q(M)()[( s J + A, (M)]

oy P . |

Iolg(M)/ g(M, )]2J+l

0
VYuer orpaskeHMs1 pacnaaa >z 7z 7z’

d > oy 3 3
P (A R,(M)=q, P,
pPp(22.4) pp(24) PP AaHHMI.
o(°) me 8,92+0,82 3,700,224 5,2220,85
o(®) w6 9,1921,11 2.78+0,33 6,41x1,16

o(f;) ™6 1,09+0,12 0,64+0,11 0,45+0,33



dé/dM (x*x-lg, mb

150

Y
(®)
O

)
gf

dé /aM(x* x7), / FoN

o

pe
N

=3
B
=3

1.0

£,11270)

-
lL A

MIX*x)g .GeV §

““4- & -l
£ (1270) "*s

4 BN

13 15



CnuHosBble 3¢ peKThI NPpH 00pa30BaAHHM
0
£ - ME30HOB

Study of p® meson spin alignment in pp and pp interactions
NPB 294 (1987) 1037
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A strong p%-meson spin alighment observed in the transverse
system (z L production plane): pg," > 1/3
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|P11] P11 =

d6/d CosSB+4(mb)

Relating spin density matrix in transverse system
and any system with the z-axis in production plane

Poo’ = P11t P1g

OK

Y2 = a large py,' requires a small py,=1-2p,,

3} 57 Gevic -
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As expected, the spin alignment in transverse system

increases with p, g s gy
08+ O PPS.7 -
®ppi2 L e
07+ O Pp224 ]
7
T0.6' _{:b_ y v
Qoo / A
e ¥ an G 4 9
0.5 3 3
0.4 l g
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At 12 GeV/c a clear spin alignment
effect is seen also in the events with
identified protons: py,' = 0.65+0.12

—The effect is not due to annihilation

Being absent (or small) in pp

it is likely related with VV contribution
in the quark fusion (recombination)
model

S
S
S]
o=
>
s

The model describes the data
assuming p,," = 0.6 for VV fusion
Poo’ = 1/3 for VS, SS fusion

A possible alignment mechanism is the
quark polarization in the confining field:

0 =(1-8i8j)/(3+ g:g;) for ij fusion
10 20 50 100
€= -€ =€, >0 for VV fusion Pyap, (GeVrc)

€=-§=€>0 forSS fusion (e « &)




Conclusions and prospects
related to the spin-alignment effect

e The quark (polarization) model is supported by a large
transverse hyperon polarization observed in the K-

fragmentation:

e Assuming that the quark polarization arises due to an
elastic interaction with the color field (i.e. P,=A,), one can
explain also the polarization asymmetry observed in the
fragmentation of polarized protons to mesons; e.g., using
SU(6) WF one has for pT —»n (P,=-2P,=23):

Arc+ = - 2An-: 2An0 =243 = = 0 0 0.2 0.4 0.6 0.8

Xp

n’—E704, PLB261 (1991) 201.
- - E704, PLB264 (1991) 462.

e To clarify the mechanism of the observed spin alignment
effect as well as the role of a possible coherence of the
amplitudes, one has to study the effect for other vector

mesons (o ?) in various reactions
32



A, (Assuming A, "=0.013)

o
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First Ay Measurement at STAR

prototype FPD results

STAR collaboration
Fhys. Rev. Lett. 92 (2004) 171801

=2
-
T

-~ Initial state twist-3 | | /
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L I[l:I mesons

O Total energy

— Collins
-+ Sivers ]

{PT}- Hl 11 13 IE 1.E 2.1 2.4 GaWn

-D.2u

0.2 04 06 08
Xe

15=200 GeV, <n>=3.8

Similar to result from E704 experiment
(V=20 GeV, 0.5 < p; < 2.0 GeVic)

Can be described by several models
available as predictions:

# Sivers: spin and Kk, correlation in

parton distribution functions (initial
state)

# Collins: spin and k, correlation in
fragmentation function (final state)

# Qiu and Sterman (initial state) /
Koike (final state): twist-3 pQCD
calculations, multi-parton correlations

—Contemporary language:
k,-dependent PDF’s or PFF’s



ITapamerps! B o6beme kamepsbl (KBK) u mumenn (TUM)

Deuteron TST inside HBC

KBK TIM

Temneparypa (K) 27,2 31,0
Craruyeckoe naBienue (kr/ kB.cm) 5,9 59
JlaBJjieHHe NPy pacIMpeHuu 2,8 25
IlnoTHOCTHL NMY3BIpHKOB HaA 1 cm 40 20

IIpu 3THX yCcJI0BHSIX TPEKH 3aPSIZKEHHBIX YaCTHI HA0I1012/I1Ch B
00oux 00beMax O JHOBPEMEHHO.



H, I D, H,

Mowasannt munuunsic npusepns dd- v dA-esausmodetdcment 6 yemanosxe.




Pe3yabrarel anaan3a dd- u dd- B3aumoaencrBum

- PacnpeaesieHHsI IO MHOKECTBEHHOCTH H TOIOJIOrHYECKHE
ceyenuss dd m dd

- OuneHka 01 MHOTOKPAaTHBIX npoueccos B dd u dd
(10% un 12%)

- AHAJIM3 pa3HOCTH TONMOJIOTHYECKHX CeYeHHH dd u dd
YKa3bIBAaeT HA MOJABJISIIOIIMI BKJIA/ POECCOB dd-
AHHHTHJISIIHH, B KOTOPBIX AHHHIHJIMPYeT 0/1HA NN-
napa. Bepxusis oueHka noJiHoH dd-aHHurnasuHn
cocraBJisieT mpumepHo 1,5% ot Heynpyroro ceueHmusl.

- Ilosry4eHbI XapaKTEePUCTHKH NN M nn
KBa3HCB0O0OHBIX B3aHMO/1eHCTBHH.

- IToJy4eHbl HHK/IIO3MBHbIE XaPAKTEPHCTHKH
0 - - "
A u K's B dd-, dC-, u dPb-B3aumojeiicTBusx
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Sivers PDF: Correlation between quarks’ k, and
proton’s transverse spin

Quark densities in transverse momentum plane for a proton polarized in
the +y direction. Up and down quarks orbiting in opposite directions??
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