:16:nd Experimental Physicg™ ..

ian Federation State scientificice

Dense Cold Matter

1. Motivation

2. Kinematical trigger

3. Experimental status

4. Detector for DCM study

A.Stavinskiy,DCM,ISSNP-2013,8/11/2013,Protvino



1. Motivation

The QCD (Quantum Chromodynamics) dynamics of the
hadronization process are not yet fully understood, but are modeled
and parameterized in a number of phenomenological studies,
Including the Lund string model and in various long-range QCD
approximation schemes
Hadronization a) in vacuum (particle physics)

b) in artificial gluon matter (Gluodynamics)

c) in quark matter — dense baryonic matter

Strong interacting QGP is one of the most remarkable discovery for
the last years. Important itself this discovery also

1)Provides new energy scale for physics ~200MeV/(the temperature
of the plasma).

2)Break the tendency of the study of particle interaction at the
maximum available energy—

Critical point, Chiral transition, Quarkyonic phase etc...
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1. Motivation

Phase diagram of nuclear matter

< current region of the experiments

> plp0»1,T/TO«1

(DenseColdMatter — (below-DCM)
proposed region for the study of

*rich stucture of the QCD phase
diagram, new states of matter
**diagram study not finished
additional new phenomena can be

Temperature T [MeV]

found

See, for example L.McLerran, /
“Happy Island”, arXiv:1105.4103

[hep-ph] and ref. therein

Na=0.16 fm=3

A.Stavinskiy,DCM,ISSNP-2013,8/11/2013,Protvino



1. Motivation How the new state of matter is created in the lab?

Y. Ivanov, V. Russkikh, V.Toneey, _
Phys. Rev. C73 (2006) 044904 The QGP can be created by heat_lng matter up
to a temperature of 2x10%2 K, which amounts

300 — P P+PD, central collision to 175 MeV per particle. This can be
s e 1 « | accomplished by colliding two large nuclei at
high energy (note that 175 MeV is not the
energy of the colliding beam). Lead and gold
158 GeV nuclei have been used for such collisions at
CERN and BNL, respectively. The nuclei are
accelerated to ultrarelativistic speeds and
slammed into each other. When they do
collide, the resulting hot volume called a
"fireball" is created after a head-on collision.
Once created, this fireball is expected to
expand under its own pressure, and cool while
: expanding. By carefully studying this flow,
0 1000 2000 3000 experimentalists put the theory to test.
<>, MeV

*Region p/py»1, T/T,«1(DenseColdMatter) hardly
accessible experimentally by standard way

1f

200

<T>, MeV

100
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2. Kinematical trigger (Fluctons or Short Range nucleon Correlations(SRC))

Fig. 1. Scattering of a virtual photon off a two-
nucleon correlation, x> 1.5, before (left) and
after (right) absorption of the photon.

Fig. 2. Scattering of a virtual photon off a

three-nucleon correlation, x> 2, before (left)

and after (right) absorption of the photon.
Figure from: M.Strikman, CERN Courier Nov.2,2005
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2.Kinematical trigger

CLAS e A—e X @~4 AGeV
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2. Kinematical trigger

12€ - structure

RNP - program at JINR

VV.B., V.K.Lukyanov, A.l.Titov, PLB, 67,
46(1977)

JINR - 1977

eA - program at JLab

R.Subedi et al., Science 320 (2008) 1476-1478

e-Print: arXiv:0908.1514 [nucl-ex]

80.12%

JLab - 2008

he high p:?

B NN
B 2N SRC
B 3N SRC

See, also Burov et al.,EPAN 15,6, p.1249-1295(1984).
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2. Kinematical trigger

Phase diagram* Scheme of process
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2.Kinematical trigger

1) K.S. Egiyan et al. Phys. Rev. Lett. 96, 082501 (2006): W,/(W,)2~ 1/(6+2)

2) R. Subedi et al., Probing Cold Dense Nuclear Matter, arXiv:0908.1514v1
[nucl-ex] 11 Aug 2009: W(pp+nn)/W(np) ~ 1/(10+2)

Our estimate W,~ (W,)"-1 (1/8)(-2)

o (3N+3N(He+He) ) ~ o(He+He)*(W;)? ~2*10-°b

o (AN+4N(He+He) ) ~ o(He+He)*(W,)? ~2*10-°b

“DCM”: baryonic droplet with <P.,> < 0.4GeV/c in the droplet rest frame

To=2GeV/nucleon, py~0.80GeV/c, (Pypen! Prn)3"1P~3*105,(n=6) o(DCM-6N)~60pb

Beam(He): 10%sec 1; target(He):0.1; run:1000hours
6n droplet- 2*10° events(<Pypcy™> < 0.3 GeV/c- 6000 events)
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2. Kinematical trigger

dS=d*p;...d*p,d(p;>-m3?)0*(2 ,"p-P,,)m?

Nonrelativistic n particles:
dS~Tn(3n-5)/2 mz

Cumulative trigger:
m? ~ exp{-T,/T.}(neglecting for dramatic decreasing
of the cross sections with N)

Ty~ (3n-5)T*/2n—3T*/2~60MeV, p~300-400MeV/c
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3. Experimental status

10*
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FLINT DATA: Photon spectra
CBe—yX

Eg,.=2.0 AGeV

—— 38° 150 MeV
—=— 42° 133 MeV
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E, [GeV]
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correlation function R

3. Experimental

status

An estimate of baryon density@FLINT experiment
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3. Experimental status

PP(ALICE, arXiv:1007.0516[hep-ex],K.Aamodt et al.)

Ry, (fm)

Without hydro (arXiv:1106.1786[hep-ph] M.Nilsson et al.)

3.2 ~0.9
7.7 ~1.1
11.2 ~1.2

With hydro (arXiv:1010.0400[nucl-th],K.Werner ety al.)

Criterium: r»l | numberof| o | free path,
particles (Hfm
Heavy | 1000 10 1
lons:
flucton- 10 1 0.1
flucton '
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4.Detector for DCM study

Search for and study of cold dense baryonic matter
( Letter of intent )

O.A.Chernishov L,A.A.Golubev?, V.S.Goryachev?!, A.G.Dolgolenko?!, M.M.Kats?,
B.O.Kerbikov!, S.M.Kiselev?, Yu.T.Kiselev?l, A.Kogevnikov 1, K.R.Mikhailov?,
N.A.Pivnyuk?!, P.A.Polozov?l, M.S.Prokudin?, D.V.Romanov?, V.K.Semyachkin?,
A.V.Stavinskiy?!, V.L.Stolin!, G.B.Sharkov!, N.M.Zhigareval, Yu.M.Zaitsev?,
A.Andronenkov?, A.Ya. Berdnikov?, Ya.A. Berdnikov®, M.A. Braun?, V.V. Vechernin?,
L. Vinogradov?, V. Gerebchevskiy?, S. Igolkin?, A.E. Ivanov®, V.T. Kim3$,

A. Koloyvar?, V.Kondrat’ev?, V.A.Murzin3, V.A. Oreshkin3, D.P. Suetin®,

G. Feofilov?,A.A.Baldin%, V.S.Batovskaya*, Yu.T. Borzunov4, A.V. Kulikov?,

A.V. Konstantinov4, L.V.Malinina*’,G.V.Mesheryakov4 A.P.Nagaitsev4, V.K. Rodionov4,
S.S.Shimanskiy4, O.Yu.Shevchenko*, A.V.Gapienko®, V.I.Krishkin®, I.N.Dorofeeva’,
M.M.Merkin?, AA.Ershov’, N.P.Zotov’

1). ITEP NRC Kl , Moscow, 2). SPbSU, S.Peterburg, 3). PINP NRC KI, S.Peterburg,
4). LPHE,JINR,Dubna, 5). IHEP NRC KI, Protvino , 6). SPbSPU, S.Peterburg,
7).MSU,Moscow
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AA-view

4.Detector for DCM study

View from target
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HADES@GSI

Shown above is a schematic view of the HADES detector system. The system is divided into 6 identical sectors surrounding
the beam axis; the picture above shows a two-dimensional slice to demonstrate HADES' large angular acceptance, which
stretches between 16 and 88 degrees. HADES is comprised of the following components:

A diamond START detector, composed of two identical 8-strip diamond detectors of octagonal shape placed 75 cm
downstream respectively 75 cm upstream of the HADES target.

A Ring Imaging Cherenkov (RICH) gas radiator for electron identification, covering the full azimuthal range. The high angular
resolution of a RICH is needed to assure that the lepton identification can be assigned to the corresponding lepton track.

Two sets of Multiwire Drift Chambers (MDC) before and after the magnetic field region for tracking. Besides precise
determination of lepton trajectories, event characterization via charged particle momentum and angular distributions is obtained
from these detectors.

A superconducting toroidal magnet with 6 coils in separate vacuum chambers. The coil cases are aligned with the frames of
the MDC's to reduce dead space in the spectrometer. The magnet provides the momentum kick necessary to obtain charged
particle momenta with a resolution of about 1%.

A multiplicity/electron trigger array consisting of granular pre-shower detectors at forward angles below 45° and two walls of
scintillators: the time-of-flight wall (TOF) at angles above 45° and the TOFINO wall at angles below 45°.
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http://www-hades.gsi.de/central/detectors/start/
http://www-hades.gsi.de/central/detectors/rich/
http://www-hades.gsi.de/central/detectors/mdc/
http://www-hades.gsi.de/central/detectors/mdc/
http://www-hades.gsi.de/central/detectors/mdc/
http://www-hades.gsi.de/central/detectors/magnet/
http://www-hades.gsi.de/central/detectors/magnet/
http://www-hades.gsi.de/central/detectors/magnet/
http://www-hades.gsi.de/central/detectors/magnet/
http://www-hades.gsi.de/central/detectors/shower/
http://www-hades.gsi.de/central/detectors/shower/
http://www-hades.gsi.de/central/detectors/shower/
http://www-hades.gsi.de/central/detectors/tof/
http://www-hades.gsi.de/central/detectors/tof/
http://www-hades.gsi.de/central/detectors/tof/
http://www-hades.gsi.de/central/detectors/tof/
http://www-hades.gsi.de/central/detectors/tof/
http://www-hades.gsi.de/central/detectors/tofino/

4. Detector for DCM study
Experimental program:

1). Search for and the study of new state of matter at high density and low temperature corner of
phase diagram

search for the dense baryonic droplet in correlation measurements with high p,
cumulative trigger

femtoscopy measurements for the dense baryonic droplet
izotopic properties of the droplet

strangeness production in the droplet

fluctuations

search for an exotic in the droplet

2) Dense cold matter contribution in ordinary nuclear matter and its nature SRC,flucton,...

nuclear fragmentation
hard scattering

3) Modification of particles properties in nuclear matter

Proposed measurements:
1.Trigger’s particles: vy, m, K",K*,p, d, ...(p; /E;~1)
2. Recoil particles: nucleon, multinucleon systems,
nuclear fragments, exotic states
3. Measurement values: <N(p; ,y)> vs X, and E,(2-6GeV/nucleon);
-ratios(p/n, 3Helt,...);correlations between recoil particles

A.Stavinskiy,DCM,ISSNP-2013,8/11/2013,Protvino 18



4.Detector for DCM study

Does np-flucton represent dominant contribution into the process?
(Combinatorial factor pp/np=1/2 for 3He is trivial,
Coulomb corrections for He are small)

SHe+3He— ©t* +X . : TR
-------------------------- = 1 in case of np dominance, and >1 for pp contribution

SHe+3He— n +X

9
s 2
Background measurements: “He+d ¢ 10°— * ¥
o) L
© B
E -
LL L B pp/np from [12C(e,e'pp) IWC(e,e’pn)].’z
e 12 12
('_U | pp/2N from [ "C(e,e’pp) / "C(e,e’p) ] /2
!Z)qes dense c_old matter S Voo trom et et
IS |zosymmetrlcal one? (n-:’ 10 = A npi2N from “c(p,2pn) /*C(p,2p)
n -
a-nt  X—pppnnn - o
i |
a-m X—pnnnnn | ‘ ‘ |
0.3 0.4 0.5 0.6
Missing Momentum [GeV/c]
3 3 +
He+ He_) s +X . Figure 2: The fractions of correlated pair combinations in carbon as obtained from the (e.e pp) and (e.e’pn) reac-
—————————————————————————— > 1 (m Odel R ~2) tions, as well as from previous (p.2pn) data. The results and references are listed in Table 1.
3 3 -
Het+°He— " +X R. Subedi et al., Probing Cold Dense Nuclear Matter,
arXiv:0908.1514v1 [nucl-ex] 11Aug2009
{ }

See also preprint ITEP,11-89,1989
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4. Detector for DCM study
Experimental program:

1). Search for and the study of new state of matter at high density and low temperature corner of
phase diagram

search for the dense baryonic droplet in correlation measurements with high p,
cumulative trigger

femtoscopy measurements for the dense baryonic droplet
izotopic properties of the droplet

strangeness production in the droplet

fluctuations

search for an exotic in the droplet

2) Dense cold matter contribution in ordinary nuclear matter and its nature SRC,flucton,...

nuclear fragmentation
hard scattering

3) Modification of particles properties in nuclear matter

Proposed measurements:

1.Trigger’s particles: vy, m, K',K*,p, d, ...(p; /E;~1)

2. Recoil particles: nucleon, multinucleon systems,
nuclear fragments, exotic states

3. Measurement values: <N(p, ,y)> vs X

rig and Eq(2-6GeV/nucleon);

-ratios(p/n, 3Helt,...);correlations between recoil particles

20
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2. Dense Cold Matter(4)

Condensed matter(not an analog in the state of matter but for

the statistical properties of the system):

Advances in atom cooling and detection have led to the observation and full
characterisation of the atomic analogue of the HBT effect

1 Gravity /,
/

Falling atom cloud ,’
/

~

MCP detector ~ ~

N
L

700um
Fig.2-K.G.H. Baldwin, Contemp. Phys. 46, 105 (2005).

Caption for figure 1: The experimental setup. A cold cloud of metastable

helium atoms is released at the switch-off of a magnetic trap. The cloud

expands and falls under the effect of gravity onto a time resolved and T.Jeltes et al.,

position sensitive detector (micro-channel plate and delay-line anode), that  Nature,445,402(2007)
detects single atoms. The inset shows conceptually the two 2-particle

amplitudes (in black or grey) that interfere to give bunching or antibunching:

S1 and S2 refer to the initial positions of two identical atoms jointly detected

at D1 and D2.
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2. Dense Cold Matter(5)

¥ A
N, '
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Caption for figure 2: Normalised correlation
functions for 4He* (bosons) in the

upper graph, and 3He* (fermions) in the
lower graph. Both functions are

measured at the same cloud temperature
(0.5 pK), and with identical trap
parameters. Error bars correspond to the
root of the number of pairs in each

bin. The line is a fit to a Gaussian function.
The bosons show a bunching effect;

the fermions anti-bunching. The correlation
length for 3He* is expected to be

33% larger than that for 4He* due to the
smaller mass. We find 1/e values for

the correlation lengths of 0.75£0.07 mm
and 0.56+0.08 mm for fermions and
bosons respectively.

T.Jeltes et al.,Nature,445,402(2007)
22
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2. Dense Cold Matter(6)
A au

1.06

1.04

1.4 uK

BEC

Pair separation, Az (mm)

Ay

Hanbury Brown Twiss Effect for Ultracold
Quantum Gases

M. Schellekens,R. Hoppeler,A. Perrin,J.
Viana Gomes,D. Boiron, A. Aspect, C. I.
Westbrook

We have studied two-body correlations of
atoms in an expanding cloud above and
below the Bose-Einstein condensation
threshold. The observed correlation function
for athermal cloud shows a bunching
behavior, whereas the correlation is flat for a
coherent sample. These quantum
correlations are the atomic analog of the

Hanbury Brown Twiss effect.

Fig. 2. (A) Normalized correlation functions

along the vertical (z) axis for thermal gases

at three different temperatures and for a BEC.

For the thermal clouds, each plot corresponds

to the average of a large number of clouds

at the same temperature. Error bars correspond

to the square root of the number of pairs. a.u., arbitrary
units. (B) Normalized correlation

functions in the Dx j Dy plane for the

three thermal gas runs. The arrows at the bottom show
the 45- rotation of our coordinate

system with respect to the axes of the detector.

The inverted ellipticity of the correlation function relative
to the trapped cloud is visible.

Science,v.310,p.648(2005)
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4. Detector for DCM study Neutron detector supermodule(78 detectors)

Distance from
the target 240cm;
Detector
thickness 20cm

Fiber
+ SIPM

20cm

24
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4. Detector for DCM study

rredf

Front Side
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4. Detector for DCM study
Experimental program:

1). Search for and the study of new state of matter at high density and low temperature corner of
phase diagram

— search for the dense baryonic droplet in correlation measurements with high p;
cumulative trigger

— femtoscopy measurements for the dense baryonic droplet
— izotopic properties of the droplet
— strangeness production in the droplet
— fluctuations
— search for an exotic in the droplet
2) Dense cold matter contribution in ordinary nuclear matter and its nature SRC,flucton,...
— nuclear fragmentation
— hard scattering
3) Modification of particles properties in nuclear matter

Proposed measurements:
1.Trigger’s particles: vy, m, K',K*,p, d, ...(p; /E;~1)
2. Recoil particles: nucleon, multinucleon systems,
nuclear fragments, exotic states
3. Measurement values: <N(p; ,y)> vs X, and Ey(2-6GeV/nucleon);
-ratios(p/n, 3Helt,...);correlations between recoil particles
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4.Detector for DCM study

*search for an exotic in the droplet

Reaction: “He(2GeV/nucleon)+*He— K- BX

Trigger’s particle: K- (p>2GeV/c , 309<9<60°)

B— B,...B,.1©%; 6"—Kp; K, »n*1

1event=1fb, (CLAS Upper limit for ©* - 0.7nb(PrRD74(2006)032001),
see also |.G.Alekseev et al.,preprint ITEP 2-05,2005(EPECUR) )

e
4‘/
v

p»po(Dense Cold Matter) Po= P

27
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Conclusions

1)Dense cold corner of phase diagram is accessible
in the laboratory, at least for relatively small systems

2)Wide new physical program for the study

3)Light ions high intensity (10'° sec!) beams(He,C)
at initial energy 2-3 GeV/nucleon and light fixed targets(®He, “He)
are optimal for the proposed study

4)Detector for the proposed study looks like already existing
ones in the same initial energy range (CLAS,HADES etc...) +
+ some specific detectors for the identifications of neutrons

28
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Extra slides
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Simulations (s.mkiselev,ITEP)

Our goal: using the high momentum =% as a trigger, study the
baryon system produced in 4AN+4N - n%+8N

An instrument: collisions of light nuclei (e.g. “He+*He and C+Be
at T/A=2.0 GeV)

An idea to estimate the background:

» select events with the number of nucleon-participants, N4 > 8

* among N4 find 8N with minimal momentum, p,;,

« select events with p8N_. < p., (100 MeV/c)

 remove this 8N from each event, rest nucleons - background

» add the n°+8N system, these 8N — signal

 momentum of a nucleon from the signal is smearing with a

parameter Ggyes: 0x=0y=0,=Cgmea— 170 MeV/c. momentum non

conservation AP due to the removing+adding procedure should be
close to zero.

A.Stavinskiy,DCM,ISSNP-2013,8/11/2013,Protvino
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Input Info

UrQMD1.3 generator
* 10° min. bias “He+*He and 10° C+Be events at T/A=2 GeV (b<R, +

R))

AN+4N — 7°+8N in an “He+*He or C+Be event:
e 1° will be detected at 6. ,=90° = p.,mu = 2.78 GeV/c for T/A=2.0,

(px =0, py =~ Peumur » Pz :O)
 the momentum of every N of the 8N system,
(Px =0, Py = Peymur /8, P, =0)
Is smearing with 6, = 6, = 6, = Gge, (= 170 MeV/c)
Do N (= 1000) to select the 8N system with minimal AP

cycles

*our “detector” covers the cone with 45° around the y axis

31
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Background and signal 3N+3N

PR 0
bkg: nucleons from events without SN[p:‘rtmO MeWic) Slgnal' nucleons from 3N+3N -->1"+6N sum
5 2r - - 5 2 : - T 22— - -
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0.6F .0006 0.6F o 0.2 0.6F H 2
0.4f .0004 0.4F I I 0.4 I I
£ £ 0.1 £ A
0.21 .0002 02 H 0.21 H
:IIIIII\II\IIIII\I\I IS :IIIIIII\I\IIIII\II\ 1e bl 0 :I\IIIII\I\\I\IIIII\ La il
95 s A 0 05 1 15 2 2. 95 s AT 05 0 05 1 15 2 25 SN T 05 0 05 5 2 25
y y y
bkg: nucleons from events without ﬁN[p::‘rﬂOD MeVic) Signal: nucleons from 4N+4N —> 7[0+6N sum
= 2r i i T _ _ 5 22— - -
S || hPtYrapPF = | hPtYrapFP = [| hPtYrapW
G318 {Entries 13721 0025 @18 [Emres 112694 0.6 @18 |Enries 128415
a‘1 6: Mean x 0.02168 a‘1 6: Mean x 0.0004569 a‘1 6 [ | Mean x 0.002724
“r|Meany 0588 T |Meany 04142 F|Meany 04328
1.4F|RMSx 0251 —0.02 14l RMSx 01433 o5 1af|RMSx  0.585
F|RMSy 02593 F[RMSy  0.1368 F|RMSy  0.1636
1.2F 1.2F —0.4 1.2F
F 0.015 F F
C+Be ' 7 : y i
F F —0.3 F
0.8 0.8 0.8
r —0.01 r r
08¢ 081 0.2 061
o4p 0.005 0.4 I I 5 04F
0.2f 02f H ' 02f
_IIIIII\II\II | _IIIIIII\I\IIIII\II\ IS NI NN NN SN _I\IIIII\IHI\
952 s T 7 28 95245 965 0 05 1 15 2 250 ey
Y Y
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bkg: nucleons from events without 8N{p™ <100 Mevic) signal: nucleons from 4N+4N --> z%+8N
T F T F - 09 T 2
3. .F hPtYrapPF 3. F hPtYrapFP 2 F hPtYrapW
gj-u: Entries I 9_1'”: Entries aazs || 0.8 9_1 8 F Entries 3428 |
cl1 B mz:: ; g a1 B Mean x -0.0008674 c"1 6k Mean x -0.0008674
F RMSx 0 E Meany  oater| | 707 F Meany  0.4181
141 RMSY 0 14 wsxoaa2s || o 141 RMSx 04323
1.2F 19F RMSy 01343 | 1oL RMSy 01343 |.
F F .0-5 F
1 - e
r C —0.4 C
4| Ie+4| Ie 0.8f 0.8f 08fF
0.6f 0.6f 03 06
04F 04F 02 04f
02F 0.2 0.1 02fF
:HI\IIII\IH\III\IH\I\III NN :\IH\III\IH 11 INEEENNN NN :\IH\I\III\I\ Lo b el
-3‘5 B 1 05 0 05 2 25 5.5 B -1 -0 1 2 25 0 3.5 B -1 1 2
¥
ko ‘ on signal: nucleons from 4N+4N —> z%+6N sum
kg: nucleons from events without GN(pwcwu Me\Vic)
5 r——— = 2r - 5
= || hPtYrapPF = || hPtYrapFP = [| hPiYrapW
C + B e G18  Entries 13721 [ 0.025 18] TEnwies  1i2s02 o6 &8 {Enmes 128475 -
o’ [|Mean x 0.02168 a” [ |Mean x 0.0004568 a”  [|Meanx 0.002724
1'5:_ Meany 0.588 | 1‘6:_ Meany 04142 16 F|Meany 04328
14C/RMSx 02811, —0.02 14l RMSx 01433 s 14l RMSx 0885 |
F|RMSy 0.2593 FRMSy 01368 E|RMSy 01636
1.2F 1.2F o4 1.2F
E 10.015 F r
C = e I e
C r 0.3 C
0.8 0.8 0.8
C —0.01 C C
0.6F 0.6F 0.2 061
04fF 0.005 04f 0.4F
C F 0.1 C
0.2F 0.2F 0.2F
Oyl 111101 Lo bianalung NN NN NN 7III\II\II\II\III 1 IFNE NN NN NN A
-3‘5 -2 -15 -1 -0. 2 2.§ -3.5 -2 - -1 2 25 0 -l} 0.5 1.5
¥ Y

remlnder: for BN + 3N

Nsng>/<kag>
4.043/0.0077 =525
4.56/0.75=6

select the ‘signal area’:
y=0=£ 0.3,
p,=0.4+ 0.2 GeVl/c

system
‘He+*He
C+B

system
‘He+*He
C+B

<Nsig>/<kag>
5.33/0=
5.25/0.22=124
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En example:

search for the dense baryonic droplet in correlation

measurements with high p, cumulative trigger

: 70000

UrQMD C+Be at T/A=2.0 GeV

=S

o) a

& 60000

=3

= 50000
40000
30000

20000

10000

_LII\ll\\\‘I\I\‘I\II‘\\II‘I\\I‘II\I

— sig.+bkg.

102

(sig.+bkg.)/bkg.

10

e v by Py by
-0.8 -0.6 -04 -0.2 0

1 L1l !
02 04 06 08 1
CcOosc

UrQMD C+Be at T/A=2.0 GeV

e e o Ly

-1

B TR I AR L1
02 04 06 038 1
cosc a.u.

0.8 -06 -04 -02 O

4000

3000

2000

1000

103

(sig.+bkg.)/bkg.

10?2

10

1

-1 -08 -06 -04 -02 O

and baryon (cms);

UrQMD “He+*He at T/A=2.0 GeV

— sig.+bkg.

|| | Iy

_\_\\\\‘\\\\‘\III‘\\\\'IIII'II\\

I ik A PR ol IR RPN I T A B IN
-0.8 -06 -04 -02 O 0. 04 06 038 1
COSOot a.u.

Uruiviu 'fe+'He at 1/A=£.U uev

02 04 06 0.8 1
coso a.u.
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a-angle between trigger particle
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¢L=10%cm?s"
*Bdl=25Tm
*op/p~0.5-1%

¢ ~ 4 acceptance
¢ Best suited for multiparticle final states
+ Bremsstrahlung Photon Tagger (6E /E ~107)

Torus

Chambers

METERS Time of Flight
SR ERRAEEEE Scintillators
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Electron Beam

Electromagnetic
Calorimeters

Cerenkov
Counters
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_\ ) 4. Experimental status-3
Ns Data quality cuts

107
E 2C+’Be—y+X at 3.2 AGeV
| Three groups of cuts:
10° - Raw events y Spl“
10° « Hit Multiplicity
10 « Signal shape
S
Z 3
© 10
107
10
1
E, [GeV]
° 36
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10

10°

10°

10*

10°

10?

10

What is the difference between
pion and photon cumulative
number?

1/pdN/dE, parametrization

®: 35-53°
................ TCO E >1GeV

— 1 E >1GeV
- o, E >1GeV

0.5 1 1.5 2 25 3 3.5 4
E, GeV

Using the empirical scaling for the beam energy dependence of the Lorentz-
wnvariant cross sections

UJZE% (1)

found in [20] and parameterizing the angle dependence one can propose the fol-
lowing laboratory momentum dependence of the cross section for the reaction

C+C = 7X :

o= Ce.z:p(—]])o), (2)

where C=3800 (mb Gel” * ¢ sr ') and

0.0757
1 = Blcost — cosd5) — cos?450

(3)

Do =
with 4 and 7 are the Lorentz transformation factors which define the nucleon-

nucleon c.m. frame relative to the laboratory frame and depend on the beam
energy.

E,-E~0.3Ge¥  Q.-Q~1

C(2GeV/nucleon)+Be—1o+X,
mo—Yyy

A.Stavinskiy,DCM,ISSNP-2013,8/11/2013,Protvino
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Does np-flucton represent dominant contribution into the process?
(Combinatorial factor pp/np=1/2 for 3He is trivial,
Coulomb corrections for He are small)

SHe+3He— nt* +X _ _ L
-------------------------- = 1 in case of np dominance, and >1 for pp contribution

3SHe+3He— n +X

Background measurements: “He+d

Does dense cold matter is izosymmetrical one?

a-nt  X—pppnnn
a-m X—pnnnnn
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3. Experimental status FLINT DATA: Photon spectra

CBe—yX
Ego.=3.2 GeV : Equan=2:0 AGEV
103; — 0 104:_ —— 38~ 150 MeV

= . 380 173 Mev = —=— 42° 133 MeV

- 42~ 155 MeV - 46° 112 MeV

- 46° 132 MeV L 51° 102 MeV
2. e 51° 117 MeV Tyt — gzg 53 MoV
57 F — 57° 96 MeV S =  6E® 74 MoV
2 r e @nO > o
s L 62" 87 MeV s — 71° 71 MeV
5 | th E 102
© ] =
=10 ' = E
s ki b s Y
z LAY z ! .
a | A | a | how
= | 1 = 10— Wy | ] %,

: ‘ | ;

[ [ T I R N T BT AT AT SATENTI N
5

1 1.5 2 2. 3 1 1.5 2 25 3
E, [GeV] E, [GeV]
iN+N— v X, T/A=2.0 GeV i
33.2;
FLINT have got data for flucton- 2’ 3
2.8\~
flucton 2o
interaction up to 6 nucleons 241
22—
kinematical > 2
region, which cannot be explained B
neither p+Be nor C+p interactions 14
. 1.2
Six nucleons system: nlnjp!lpj+?? | ST ATV bee WP N v |
0 [dergees]

Does we already see phase transition?
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