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Abstract. A study of relativistic nuclear physics problems with two arms detector
"FLUKTON" which can be created on base of already existing SPIN detector (IHEP,
Protvino) is proposed. Main goal of the study with FLUKTON will be improvement of
our knowledge about cold density baryonic matter (fluctons) inside nuclear matter.

For this purpose the high intensive proton and nuclear beams from U70 as well as the
liquid hydrogen and nuclear targets will be used.



beam line #8

SPIN — narrow acceptance spectrometer, \S’ﬁin
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The absence of strong dependence of p/m and p/m* on atomic mass

at high P+ can be interpreted as an indication of a local mechanism of particle
production and small contribution of secondary interactions.
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“Measurement of 2- and 3-nucleon short range correlation

probabilities in nuclei.”

CLAS Collaboration (K.S. Egiyan et al.) Phys.Rev.Lett.96:082501,2006
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The ratios of inclusive electron scattering cross sections of He4,
C12 and Feb56 to He3 have been measured at 1 <x_B < 3. At
Q"2 > 1.4 GeV”2, the ratios exhibit two separate plateaus, at 1.5
<x_B<2andatx_B > 2.25. This pattern is predicted by models
that include 2- and 3-nucleon short-range correlations (SRC).
Relative to A=3, the per-nucleon probabilities of 3-nucleon SRC
are 2.3, 3.2, and 4.6 times larger for A=4, 12 and 56. This is the
first measurement of 3-nucleon SRC probabilities in nuclei.

TABLE L. a_,-(A/"He) and n.,-N(A) (j = 2, 3) are the per nucleon relative (to 3He) and absolute
probabilities of (jN) SRC, respectively. Errors shown are statistical and systematic for a; and are
combined (but systematic dominated) for a ;y. The systematic uncertainties due to the Coulomb
interaction and SRC ¢.m. motion are not included. For the 3Fe/*He ratio they are expected to be
<2%-6% and <20%, respectively, and are somewhat smaller for '>C/*He and smaller still for
“He/?He ratios.

a>(A/*He)

axy(A) (%)

as(A/*He)

asn(A) (%)

3He
‘He

IEC

56 Fe

1
1.93 £0.02 £0.14
241 £0.02£0.17
2.83 £0.03 £0.18

8.0 * 1.6
154+ 33

193 + 4.1
227+ 4.7

1
233 +10.12:£:0:19
3.05 £0.14 £ 0.21
4.38 £0.19 £0.33

0.18 = 0.06
0.42 = 0.14

0.55 *+0.17
0.79 £ 0.25




Crazy idea: flucton visualization in Inversed kinematic.
lon beam interacts with the Liquid Hydrogen Target.
Two-arm detector is needed

h

In many previous experiments the inclusive \
3¢ spectraof cumulative particles were — 8
measured in region of target fragmentation

recoil proton
ion beam
Here we propose to look at properties
‘*’ of a flucton by measurement of whole jet S oo % R—
from the its fragmentation will be done. proton \
target ‘
N

O
flucton (flucton jet)

It is supposed that a rest of nucleus will move along beam direction
* not affecting a measurements with double arm detector.
Region of high P;values will be chosen for a study.

Width of jet from a fuction should be narrow because inclusive spectra
* of cumulative particles f = E- do/d®p can be described
[G. A. Leksin, Phys. At. Nucl. 65, 1985 (2002)]. with C-exp(-T/T,) at T,~100 MeV



from SPIN to FLUKTON

Recoil arm: almost the same as in SPIN but added with

tracking hodoscopes
Forward arm: consists of several hodoscope stations plus 100 modules

of hadron calorimeter. Length of the arm — 700 cm

hadron

. < calorimeter

tracking
hodoscopes
in forward arm

beam

tracking hodoscopes
in the recoil arm
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Physical Program for FLUKTON :

1.Correlation measurements using 10-15 A-GeV carbon
beam with Liquid Hydrogen and nuclear targets with purpose to
visualize a knockout of multinucleons configurations and to study
their properties.

2.The colour (nuclear) transparency measurements in A(p,2p)
reactions at the U70 energies. New information about
A and angle dependences can be received.

3.More detailed and wider inclusive spectra measurements
as continuation of the SPIN study will be provided.



What is different in d+p and p+p elastic processes

when angle of recoil proton is fixed?

Table | d+p-->d+p, 2x10 GeV/c
Ne | fixed angle,
recoil proton 45 48 50 52
deg
1 -t GeV? 2.91 2.40 2.10 1.84
2 recoil proton,
momentum 2.30 2.00 1.83 1.67
GeVic
3 deuteron
momentum 18.44 18.72 18.87 19.01
GeVic
4 |angle of 5.07 457 4.26 3.97
deuteron deg ' ' : '
elastic pp at 10 GeV/c
5 recoil proton,
momentum 2.06 1.82 1.67 1.53
GeV/c
6 fast proton,
mjmentum 8.66 8.89 9.02 9.14
GeV/c




t+p2>t+p at 3x10 GeV/c

Table Il t+p 2>t+p 3x10 GeV|c
angle of recoil arm, 45 48 50 52
deg
-t GeV? 3.07 2.52 2.20 1.92
Momentum of recoil 2.40 2.08 1.89 1.72
proton ,GeV/c
momentum of 28.35 28.64 28.82 28.97
tritium, GeV/c
angle of 3.43(0.060) | 3.09(0.054) [ 2.88(0.050) 2.69(0.047)
tritium, deg(rad)

Cumulative recoil proton can be used as atrigger
for an event produced by flucton-proton scattering. Additional
sign of such an event will be extra energy measured in forward arm.




Cross-section of elastic p+d scattering

G.Warren et al., Nucl. Phys. B207 (1982) 365-373 “PROTON-DEUTERON
ELASTIC SCATTERING FROM 20 TO 210 GeV”

=

2 (twd = 2 (2 (/)

2

T s i

where Glauber integral I = %f S(t)e’w'ds
0

deuteron form-factor [Y.Akimov et al., Phys.Rev. D12(1975)3399].

S(t) = 0.34 e'415t 1 0.58e261t 4 .08l 5

Cross-sections for elastic pp were taken from E.Martynov,

Phys.Rev. 76, 074030 (2007)
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an example how the calculation can describe existing data
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J10A or 15A GeV carbon beam

Qliquid hydrogen target with only 4 cm working length along beam

Cl2+p>d+p +X, expected cross-sections and signal rate

Qluminosity L=10%2 cm2s!

Ofraction of 2N-objects in carbon ~20%

[ K.S. Egiyan et al. Phys. Rev. Lett. 96, 082501 (2006)]

|I=10° ions/cycle

angle of recoil arm
45 48 50 52
(deg)
10A do/dt(nb/GeV?) 1.35E-03 9.7E-03 3.4E-02 1.0E-01
GeV/c yield/hour ~0.4 3.1 12 33
15A do/dt(nb/GeV?) 3.1E-04 3.0E-03 1.1E-02 3.7E-02
GeV/c yield/hour 0.1 1 3.5 12

angular acceptance on azimuth and polar angle was taken into account




Background can be due to accidental coincidence between:
cumulative proton production (inclusive ) and
prompt .particle produced in few intranuclear rescatterings

Baldin’s parameterization was used[ A.A. Baldin, brief communication of JINR
(Dubna).1992,Ne3-92. C. 27-37; 1996. Ne 4-96. C. 61-68; 1999.Ne2-99. C. 20-29.] to
estimate .proton cross-section in cumulative region

SPIN 50Gev 35° (p+C, p+tW)
An example demonstrating how well Baldin’s =
parameterization describes experimental u 102
cross-sections of proton production (SPIN experiment) °‘>
dependently on Stavinskii variable X2 QO 10'4
O
Mo 10
O
o BT
S
ﬂ: 1072
m
T 10 ¥
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b ©
a’u 10-* o
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Simulation of prompt charge
particles production with :HIJING
vers 1.34(no flucton, no fermi
motion) C12+p 10A GeV

N events

10

'—l-'{-LlLLIJ_L T TTTTTI

103k

momentum distribution for protons(solid)
and another charge particle (dashed) emitted
with 0.069+/-0.010 polar angle (529

1025

10 £
Taking into account that the hadron calorimeter
1 ) il resolution will be not better than 10%, all particles
o b b b e bo s Lo s above ~12 GeV were considered as “useful” signal

P, Gev/c

Background rate (low line) in comparison with
d+p - d+p rate for four angles of recoil arm

angle (deg) 45 48 50 52

10A signal/hour 0.4 3.1 12 33
GeV/c backgrnd/hour 0.005 0.025 0.06 0.15




Another possible application of the FLUKTON detector —
to measure nuclear transparency at U70 energy

Color transparency was predicted on base of QCD ideas in 1982
[S.J.Brodsky, Proc. of the Xlll Intern.Symp. on Multi-particle Dynamics, 1982]
[A.Mueller, Proc.of the XVII Recontre de Moriond, 1982]

In exclusive A(p,2p) scattering at high Q2 momentum transfer a stable
point-like state of proton can be produced. It was supposed that this
object exists during enough long time for to leave nucleus without
interaction. The nuclear transparency is defined as the ratio of the
guasi-elastic cross section in a nuclear target to the free elastic pp
Cross section.

proton,

According to QCD the transparency

dofdt for = proton, must be small at small Q2 and rise
with growth of momentum.
Top= Traditional Glauber calculations predict
fd:dt Ak T transparency to be energy independent.

\ proton,
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o5l - | The measured results showed a rise in Tpp with
| the beam momentum up to ~9.5GeV/c,
04

1 which was consistent with expectations coming
] from the QCD theory. However, this rise was
1 surprisingly followed by a drop at higher momenta.

2 Several experiments in BNL confirmed the same.
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Nuclear Transparency, T,

Gerald A. Miller,2012 arXiv:1208.3668 : “Color transparency is an expected, but not certain, consequence
of QCD.....Evidence at medium energy is piling up. It seems that PLC formation is an important part of
(single) meson production at large values of Q2, but has not yet been observed for the nucleon.”

John P.Ralston (2006):

“An experiment with a 50-70 GeV beam is quite ambitious. Itis clear that the whole
range of angles 15-40 degrees you cite should test the different models in
acompletely new regime. It would be straightforward to extend our method

and confront such data quantitatively.”


http://arxiv.org/abs/1208.3668

In case of FLUKTON the Tpp values will be measured by comparison of
cross-sections for quasi-elastic proton- nuclei scattering with cross-section
of elastic pp scattering using high intensive proton beam

Liquid Hydrogen Target is supposed to be used to measure pp scattering/

parameters of elastic scattering at different angles of the “recoil” arm

recoil, 50. 46.4 42.0 38.5 36.
angle(degree)

At, GeV? 0.13 0.16 0.22 0.28 0.33
t, GeV? 2.33 2.98 4.00 5.07 6.01
P, GeVic 1.93 2.30 2.92 3.51 4.03

expected rate of elastic scattering events

recoil agle 50. 46.4 42.0 38.5 36.
do/dt,nb/GeV? 132.4 34.8 4.96 0.664 0.112
rate 2560/h 828/h 162/h 27.7/h 5.4/h




Steps already done towards FLUKTON




HODOSCOPES

Double-coordinate hodoscope stations are
multichannel scintillating counters.

Step of scintillators in a forward arm station
IS 6mm, step in a recoil arm -2 mm




Hadron calorimeter.Computations

Calorimeter: compensating lead/plastic-scintillator sampling calorimeter.
Each module is composed with 6mm lead and 1.5 mm plastic. Total length is
6.5 interaction length. Calorimeter consists of 100 modules so its transverse
size is about 1x1 m2 (10x10 tower structure)

simulation with GEANT4 g i . -
8. = v vy v
_g & v
& B v
S osf— v
| HCAL momentum resolution | 4
- - a
[ - -
3] i il
EZS [ po 0.03773 + 0.009453 18 < & A > A N
o p1 0.4835 + 0.02284 20 40 60 80 100 120 e,.. Mr%d
i —__tee b
0.2 S 025
B = B :
2 E
x 0.2 b
0.15[ &
015
0.1 L
- - L
0.1: = " . : W o
. 2I0 L 4Io L L 6Io L 20 40 60 80 100 120, 1494
roton momentum, GeV/c . H H H
P fraction of energy deposited in calorimeter

resolution vs momentum and the resolution dependently on polar angle



Liquid Hydrogen Target (LHT) . Produced for SPIN and tested with beam in 2010

. T:‘"‘" LHT mounted in SPIN area
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Stabilization of the LHT temperature (left) and liquid helium flux (right) during
~5 hours past after start




cost estimation

element State readiness million rubles
1 magnets from SPIN 100%
of recoil arm
2 tracking _system in PCs from SPI_N 100% 05
recoil arm +new electronics
from SPIN but
0
3 TOF RPC+ FEE+HPTDC new HPTDC needed 90% 0.5
4 scintillating counters+ trigger from SPIN 100%
system
5 cerenkov detector from SPIN 100%
automatic target station 0
6 including Lig.Hydr.Target from SPIN .
. produced, 0
7 hodoscopes of recoil arm tested 90%
8 hodoscopes of forward arm produced, 90%
tested
designed
9 FEE and DAQ for hodoscopes and partially 85%
produced
10 hadron calorimeter, to be designed, 0%
100 modules to be produced
. to be designed, 0
11 FEE and DAQ for calorimeter to be produced 0%
mechanical support for magnets to be designed,
12 PP g to be produced 0%

support for calorimeter
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HaunHas ¢ HekoTopown aHeprim EO BennymHa
adodpeKkTa He 3aBUCUT OT IHEPIUN.
EO 3aBnCUT OT TMNa YyacTuubl U OT gpa.

NHuBapuaHTHasa gyHkums f=Cexp(-T/T0)

C
150

af EICd
100 5-,“—#‘

E:;¢—;—g— Ti
50 &7 - Al
PR
—_— . Ly
| | | | | | |
| 3 5 7 E“.,GeV

Fig. 3. The coefiicient C(Tp =125 MeV) in
the parametrization of the invariant function
f=Cexp(=T/Tv) in the reaction pA(C, Al Ti
Cu, Cd, Pb) — pX for a proton escape angle of 120° in
the laboratory frame versus the incident-proton energy.
The filled circles refer to the initial energy of 400 GeV.

I"A. NekcuH, Ag.dus. 1.65 (2002) 2042
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Fig. 5. Dependence of the slope parameter T for the in-
variant function of the protons escaping under the action
of p, 7. K~ .~. b with various energies Fo; the escape
angle is 120° in the laboratory frame.
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Puc. 2. 3aBMCMMOCTL MHBapUaHTHbIX dhyHKUWIA pas-
NMYHBIX KYMYNATUBHBLIX HACTHL, OT X BEEJTMYMH L. Huxe-
HAA WKana abcunee — UMNYNLE KYMYNATUBHLIX Npo-
TOHOB MNPV COOTBETCTEYIOLLEM L.

INSTITUTE OF THEORETICAL AND EXPERIMENTAL PHYSICS

109—90

S.V.Bojarinov, LLEvseev, S.A.Gerson, Yu.T.Kiselev,
G.A.Leksin, A.N.Martemyanov, K.R.Mikhailov,
Yu.V‘Terekhov.‘ V.A.Sheinkman

o THE CUMULATIVE HADRON PRODUCTION
AND QUARK GLUON PLASMA
Submitted to International Conference -
Quark Matter 90, Menton, France,

7 to Il May, 1990
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K—/n—ms/d

K+/m+%5/d

‘This supports a model of flucton as
multiquark bag and not a short range nucleon correlation



n-p Short-Range Correlations from (p,2p + n) Measurements

A. Tang®, J. W. Watson®, J. Aclander®, J. Alster®, G. Asryan®“, Y. Averichev", D. Barton?, V. Baturin/-¢,
N. Bukhtoyarova?-¢, A. Carroll4, S. Heppelnmnnf., A. Leksanov/, Y. Makdisi?, A. Malki”, E. Minina/, I. Navon®,
H. Nichokon¥9, A. Ogawaf . Yu. Panebratsev”, E. Piaset.zk_v", Al S(:het.kovskyf'“, S. Shilnmb:kiy", D. Zhalov/
“Dept. of Physics, Kent State Univ., Kent, OH 44242, US.A.

b School of Physics and Astronomy, Sackler Faculty of Eract Sciences, Tel Aviv University, Ramat Aviv 69978, Israel
“Yerevan Physics Institute, Yerevan 375036, Armenia
4 Collider-Accelerator Department, Brookhaven National Laboratory, Upton, NY 11973, USA
“Petersburg Nuclear Physics Institute, Gatchina. St. Petersbury 188350, Russia
! Physics Department, Pennsylvania State University, University Park, PA 16801, U.S.A.

9 Dept. of Physics, Mount Holyoke College, South Hadley, MA 01075, U.S.A.

BJ.IN.R., Dubna, Moscow 141980, Russia

We studied the '*C(p.2p+n) reaction at beam momenta of 5.9. 8.0 and 9.0 GeV fe. For quasielastic
(p.2p) events we reconstructed py the momentum of the knocked-out proton before the reaction:
ps was then compared (event-by-event) with p,,. the measured. coincident neutron momentum.
For |p,.| = kp = 0220 GeV/c¢ (the Fermi momentum) a strong back-to-back directional correlation
between py and p. was observed, indicative of short-range n-p correlations. From p. and ps we
constructed the distributions of c.m. and relative motion in the longitudinal direction for correlated
pairs. After correcting for detection efficiency, flux attenmation and solid angle, we determined that
49 = 13 % of events with |ps| > kg had directionally correlated neutrons with |p,| > kg. Thus

short-range 2N correlations are a major source of high-momentum nucleons in nuclei.
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Figure L.3: A schematic view of the EVA solenoid and the neutron counters in the 1998

measurement.
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Puc. 12. OTHollEeHUe BhIXOJORB HEUTPOHORB K IMPOTOHAM
M3 M3oHecuMMmeTpuuHbix sinep Pb m U B 3aBucumocTtH
OT KHHEeTHYECKOI SHEPrHH BbIJIETAILIHX HYKJOHOB; YIroJl
BblieTa 120°, HauasbHasi 3Heprusi npotoHosB 7.5 I3B u
nuoHor 5 [3B. JlauHsle, monyueHHbIe MO JIeHCTBHEM e
Me30HOB, ycpenHeHbl. [IITpuxoBbie MWHHUM — OTHOIIEHHWE
HEHTPOHOB K IIPOTOHaM B siZipaX MHIUEHH, CIJIOLIHbIE —

oTHOLIeHHe d /u-KBapKoB B siipax Pb u U.



