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In Russia there are two accelerators
to perform baryon matter
investigations (Dubna and Protvino).

Some time in future will be two new
projects - JPARC(Japan) and
FAIR(Germany).
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Intensity (particles per cycle)

Beams
available next step
now

b 2.5-1010 1073
g 5.1010 1013
d?r 3-108 5-1010
4He 8-108 2:-1012
L 2.109 5-1012
10B 2-107 1010
12¢ 6.5-108 2-10'
24Mg 1.2-108 5-101
40Ar 108 1010
10¢ 10"
84Kr ]03 5]08
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LAYOUT OF IHEP EXPERIMENTAL AREA

E=70 GeV,
1=1.7-1013 ppp

Beams of , K, p, e, v

* Fast extraction
* Slow extraction
» Extraction by crystal
* Internal targets

[ ] - Running experiments

I - Experiments under preparation
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Spin Physics at Nuclotron

V.P.Ladygin et al. (on behalf of LHE SPIN group)
Seminar LNP-JINR, 12 December 2007



Content of the talk

e [ntroduction

e Review of the current status of spin physics at LHE
e Future plans for Nuclotron

e Spin physics at NICA

e Conclusions

The results given in the talk were provided by

L.S.Azhgirey, V.V.Glagolev, V.I.Sharov, N.M.Piskunov, L.N.Strunov,
L.S.Zolin, P.K.Kurilkin, M.A.Shikhalev, V.A.Krasnov, N.B.Ladygina,
S.S.Shimansky
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Proceeding DSPIN'07, p.409, Dubna

PHYSICAL PROGRAMM AND ACCELERATION OF POLARIZED
LIGHT NUCLEI BEAMS AT JINR NUCLOTRON

S. Vokal!,A.D. Kovalenko!,A.M. Kondratenko? M.A. Kondratenko?,V.A. Mikhailov!,
Yu.N. Filatov! and S.S. Shimanskiy!'

(1) JINR, Dubna, Russia , (2) TPO "Zaryad”, Novosibirsk, Russia

T E-mail: shimanskiy@jinr.ru

Abstract
The physical spin program at high pp region and energies 91;2 ~ 10 GeV is
discussed. It’s shown that cumulative processes, color transparency problem and
polarization phenomenons directly connect with properties new form of the nuclear
matter as Color Quark Condensate(CQC). Studies of CQC one of the most im-

portant physical problem and can be realized using polarized ion beams at JINR
nuclotron-M (and in future at NICA ). The calculations of spin resonance strengthes
in the [inear approximation for p, d, t and *He beams in the JINR nuclotron are
presented. The methods to preserve the degree of polarization during crossing the

spin resonances are examined. The method of matching the direction of polariza-
tion vector during the beam injection in to the ring of the nuclotron is given. These
methods of spin resonance crossing can be used to accelerate polarized beams in the
other cyclic accelerators.
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The spin physics attracts great attention since the 70" when at the energy of it \

ns ~ 10 GeV. In reactions with hadrons in complete contradiction with _

ictions of QCD that polarization characteristics must disappear at high i L = - P ( P O~

gies the huge spin effects were discovered. The begun detailed studies with the

[N Fr— , & y L) O 1 A
er energies showed that the observed spin effects do not disappear even at C /C‘] 2 Doy ) :
gies of hundreds GeV. The deep inelastic lepton scattering on polarized targets v

Oth and 90th of the past century led to the problem named "spin crisis". Until ~
the spin effects have not found complete physical explanation in the m““' S S UEE
iework of QCD. The situation when there is no adequate understanding of ) T2 :
JH_J-_) Fy ?L R |
(opaon Pames

» (!
rization phenomena at the energies ~ 10 GeV 1is real challenge to nowadays Q - Jf‘\ -?l)f L "v\“{&a
retical models. This energy region becomes especially important in connection
 the increasing interest to the astrophysical problems, where enormous ¢
netic fields up to ~ 10'® Gs have been discovered. Strong magnetic fields can O %Q
s indication to an enormous role of the spin effects m processes of the massive D.6.CRRBE
evolution, the nucleosynthesis of heavy elements and the solution of the
tery of the supernova explosions. One of the most important problem for high-
gy physics remains until now is understanding the nature of the spin and, in
cular, skill to calculate the spin of hadrons from constituent spins

In the program of the international conference DSPINO7 the results of t@é_\_‘ __,:, Zﬁﬁ ﬁ/“cé’

/ity with polarized beams of the LHE JINR accelerator complex have been 7,
ented. These reports have reflected: the development of new methods to v//ZZfé /
. It hav ¢ . . 3o [ 7
ervation of polarization in the nuclotron for polarized protons and the lightest ? et 3; )F r o ?S: /ft Z:‘: (’*"“;« Q/
el: the project to create new polarized 1ons source (1n plan to use components

v R
1 [UCF CIPIOS source); the proposals of further spin research with polarized “"‘? ; ’f/ o
ns of modernized nuclotron-M and in a future with NICA-collider beams. All A / ' h: o
e proposals are actually the substantiation of the project for creation on Llutihivs Orose /% vdl;&‘c--m/r_»

otron-M the center for spin studies in the region of energies ~ 10 GeV. The
leration of the lightest polarized nucle1 will make possible for the first time
ies of the polarized nuclear matter collisions (dTdT, dT’HeT and *He TiHeT),

- - | > - 1. Bunce Gerry (BNL, Brookhaven, USA)
he first time study of the complete set of the isotopic states of the nucleon- 2. Soffer Jacques (Temple Univ. Philadelphia, USA)
eon interactions ( pTpT, nTpT and nTnT) and study of the of orbital angular 3. Belostotski Stanislav (PNPI, Gatchina, Russia)
nentum contribution to the nucleon spin. Accelerator complex with such 4. Dodge Gail (Old Dominion Univ. Norfolk, USA)
1bilities will not have a concurrence from other activities which will lead 5. Sivers Dennis (Portland Phys. Inst. USA)
rization studies and obtained data will help to resolve the riddles of the spin, 6. Vasiliev Alexander (IHEP, Protvino, Russia)
h do not have the solution since 70th. Materials which have been presented on 7- Ramsey Gordon (Loyola Univer. Chicago, USA)
'INO7 confirm high level and urgency of JINR polarization studies and the 8. Crabb Donald G. (Univ. of Virginia, Charlottesville, USA)
yubted realizability of the proposed project of creation of a unique center for - 1¥oshin Sergey (IHEP. Protvino. Russia)

10. Nurushev Sandibek (IHEP, Protvino, Russia)
11. Ginzburg Ija (IMSBRAN Novosibirsk, Russia)
12. Grosse Perdekamp Matthias (Univ. of Illinois, Upton, USA)

rization studies. Spin community (presented on DSPINO07) expresses their
plete interest in realization of polarization project on nuclotron-M and future
lopment the spin program on NICA-collider.
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We can see the CQC phase in
ordinary nuclear mater and
highlight this state in pA- and
AA-collisions. This state directly
connected with properties of
the core for NN-interaction.
We don't know well NN-
inferaction in overlapping range.

B



Let us look at the nucleon-nucleon

Interaction:
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E Deuteron is

100 weakly bound

Large radius
di-neutron and

di-proton
unbound

U VeloTalate) AN DONNDO



Tabmira 1: CraTnyeckue cBoiicTBa JefiTpoHa

Deuteron static properties

Gomel 2007

Ep(MeV) | Pp(%) | <v% > (fm) | Q(fm?) | n= iD fun pp(n.m)
Exp. | 2.224579(0) - 1.9560(68) | 0.2859(3) | 0.0271(4) | 0.0776(9) | 0.857406(1)
MU 2.2246 0.78 1.9611 0.2860 0.0271 | 0.07745 0.843
Paris 2.2250 5.77 1.9716 0.2789 0.0261 0.078 0.853
RHC 2.2246 6.50 1.9602 0.2770 0.0259 0.0757 0.840
RSC 2.2246 0.47 1.9569 0.2796 0.0262 0.0757 0.843
Bonn 2.225 4.58 1.86 0.2856 0.0267 — —
Table 1: Deuteron properties in the dressed bag model.
Model E;(MeV) | Pp(%) | rp(fm) | Qq(fm?) | g (un) | As(fm=2/2) | n(D/S)
RSC 2.22461 6.47 1.957 0.2796 0.8429 0.8776 0.0262
Moscow 99 2.22452 5.52 1.966 0.2722 0.8483 0.8844 0.0255
Bonn 2001 | 2.224575 4.85 1.966 0.270 0.8521 0.8846 0.0256
DBM (1) 2.22454 5.22 1.9715 0.2754 0.8548 0.8864 0.0259
P, = 3.66%
DBM (2) 2.22459 5.31 1.970 0.2768 0.8538 0.8866 0.0263
P, = 2.5%
experiment | 2.224575 1.971 0.2859 0.8574 0.8846 0.0263
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QCD phase diagram

~ 10 pus after
Big Bang

Tc ~ 170 MeV

Temperature

Hot QG phase (gluons)
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; _ Neutron Stars,..
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The Evolving QCD Phase Transition
t ~ 1980

Hadron Gas

Quark Gluon
Plasma

t~ 1990

Hp

T F~. Quark Gluon

-~

~

N Plasma

~
\

A Y
Hadron Gas

HB

Critical Temperature 150 - 200 MeV (ng =0)
Critical Density 1/2-2 Baryons/Fn'f (T=0)

t ~ 2000

Quark Gluon
Plasma

Color

Superconductor
Hadron Gas

HB

Figure 4: A phase diagram for QCD collisions.
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What if we compress/heat the system so much that

the individual hadrons start to interpenetrate?

II.Way for Hot
QG phase

I.Way for Cold
QG phase

Heavy AA-collisions Cumulative and high p; physics

1. QGP, sQGP, CGC, 1. Multiquarks states in the cold

GLAZMA or ... nuclear matter or ...
2. Early time of Universe 2. Properties of the multiquarks
evolution states, high density states

Universe evolution - direct direction

back in time

J ' 3. Stars evolution, dark matter
/ Stars evolution -
%

Final phases will be equal or not?
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Strangeness in Neutron Stars astro-ph/0604422 vl 20 Apr 2006

DOLIN WEBER? ALEXANDER HO! RODRIGO P. NEGREIROS}!

PHILIF ROSENFIELD? gltgilfk-hybrid

traditional neutron star

hyperon

star neutron star with

pion condensate

H~ 10" Gs Fe
color-superconducting 6 3
(strgnge qu?(rl-§ matter 10~ glem
u,d,s quarks
E~ 101 V/cm 10" gem 3
CFL
28C  Soiie 10" giem 3
2SC+s
CFL=K 0 ~-__ Hydrogen/He
CFL-T atmosphere
strange star
nucleon star
R ~10 km
Fig. 1. Competing structures and novel phases of subatomic matter predicted by theory to make

their appearances in the cores [RﬂS km) of neutron stars?.

significant range of chemical potentials and strange quark masses®. If the strange
quark mass is heavy enough to be ignored, then up and down quarks may pair in
the two-flavor superconducting (25C) phase. Other possible condensation patters

color—superconducting/ K. Rajagopal and F. Wilczek, The Condensed Matter Physic}s of QCD, At the Frontier

?&rgngefa‘ﬁg matter ' .f Particle Physics / Handbook of QCD, ed. M. Shifman, (World Scientific) (2001).
=S 9 M. Alford, Ann. Rev. Nucl. Part. Sci. 51 (2001) 131.
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How we can detect a nuclear matter
with the high density?

ie quantum theory saying: we need to study
e processes with extremely large transfer momentun

/hat we can see in processes with different probes '

Electromagnetic probes
Hadrons and nuclei probes



DIS with leptons



K.Rith From Nuclei to Nucleons (Summary)
Nuclear Physics A532 (1991) 3c-14c

legion 5

the region x > 1 the struck quark is 'superfast’, its momentum is larger than
mentum allowed for a stationary nucleon. The longitudinal distances involved
0.2 fm and therefore one is sensitive to correlations of nearby nucleons or more
cated configurations like multiquark clusters. As an example the predictions for
iquark cluster calculation (32] are shown in figure 5.
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5. Theoretical predictions for Figure 6. Preliminary results for o' folit
structure functions at x > | from NE-2 at SLAC
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The height of the plateau in the range 1 < x < 2 is proportional to the ré
probabilities of finding 6-quark clusters in nuclei A and B, the range2 < x<3r
the ratio of 9-quark cluster probabilities and so on.

Figure 6 shows preliminary results for the cross section ratio of Fe and He oby
by NE-2 at SLAC [33], which took data for a series of nuclei ¥ith beam energies be
4 and 14 GeV. One could speculate that the plateau for 1.5 < x < 2 is an indi
for the step function expected in the multiquark cluster model, Note, however, th

data are still substantially affected by quasielastic scattering as the ratio is smalle

one near x = 1,
sressn pavpvowl UJUU}.

32 1. Vary, Proceedings of the 7th Int, Conf. on High Energy Physics |
Dubna 1984,147.
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CERN (BCDMS) data

Z. Phys. C 63, 29-36 (1994)

ZEITSCHRIFT
FUR PHYSIK C

© Springer-Verlag 199

Nuclear structure functions in carbon near =1
BCDMS Collaboration

A.C. Benvenuti, D. Bollini, T. Camporesi', L. Monari*, F.L. Navarria
Dipartimento di Fisica dell’Universita and INFN, Bologna, Italy

A. Argento?, J. Cvach?, W. Lohmann*, L. Piemontese®
CERN, Geneva, Switzerland

V.1 Genchev®, J. Hladky?', ILA. Golutvin, Yu.T. Kiryushin, V.S. Kiselev, V.G. Krivokhizhin, V.V. Kukhtin,
S. Nemetek®, D.V. Peshekhonov, P. Reimer?, I.A. Savin, G.I. Smirnov, S. Sultanov®, A.G. Volodko and J. Zagek”
Joint Institut for Nuclear Research, Dubna, Russia

D. Jamnik®, R. Kopp®, U. Meyer-Berkhout, A. Staude, K.-M. Teichert, R. Tirler'?, R, Voss'!, C. Zupanti¢
Sektion Physik der Universitit, Miinchen, Germany!! '

J. Feltesse, A. Misztajn, A. Ouraou, P. Rich-Hennion, Y. Sacquin, G. Smadja, P. Verrecchia, M. Virchaux
DAPNIA-SPP, Centre d’Etudes de Saclay, CEA, Gif-sur-Yvetie, France

Received: 1 March 1994
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10°
e * = 81 GeV?
z

Abstract. Data from deep inelastic scattering of 200 GeV
muons on a carbon target with squared four-momentum o
transfer 52GeV? < Q* < 200 GeV? were analysed in 00
the region of the Bjorken variable close to z = 1, which
is the kinematic limit for scattering on a free nucleon. At
this value of x, the carbon structure function is found to ”
be FF ~ 1.2 -107% The z dependence of the structure
function for = > 0.8 is well described by an exponential o
Ff o exp(—sz) with s = 16.5 £ 0.6.

10+

107

10

107
R
10°

10™

10%

10-8 1.
0.7 0.8 0.9 1.0 1.1 1.2 1.3

Fig. 7. The nuclear structure function F;'F"(a:} as a function of x, at three

different values of Q%. The hatched regions show the range of predictions
of [26]
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JLAB data

PHYSICATL REVIEW C 68, 014313 (2003)

Observation of nuclear scaling in the . 4(e,e’) reaction at xz=>1

- ; r r k di
PRL 96, 082501 (2006) PHYSICAL REVIEW LETTERS 3 MARCH 2006

Measurement of Two- and Three-MNucleon Short-Range Correlation Probabilities in Nuclei
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A.Stavinskiy, ITEP seminar, 11.4.2007

2 nucleon correlations
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A.Stavinskiy, ITEP seminar, 11.4.2007
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225 25 275

relative to 3He

= 2.3340.12+0.19

ol

ag("*C)

4.3810.18£0.33

Absolute fraction

a(*He)= 0.42£0.0240.14

M. Sargsyan’s calculations)

a(1%C)= 0.55:0.03£0.18

ay(%6Fe)= 0.79:0.03£0.25



JLAB Phys Seminar Dec0O5 K. Egiyan

Having these data, we know almost full (*99%) nucleonic picture of nuclei

with A < 56
Fractions|  Sjngle particle (%) 2N SRC (%) 3N SRC (%)
Nucleus

6Fe 76 £0.2+4.7 23.0+£0.2+47 0.79 £0.03 £ 0.25
e 80 £ 02 + 4.1 19.3£0.2 4.1 0.55+0.03+0.18
“He 86 +£0.2+3.3 15.4+02+33 0.42 £ 0.02 + 0.14
3He 92 +1.6 8.0 +1.6 0.18 +0.06
°H 96 +0.8 4.0 +08 | -

U VeloTalate) AN DONNDO

Using the published data on (p,2p+n) [PRL,90 (2003) 042301] estimate the isotopic composition of 2N SRC in *°C

a,(?C)~= 4+2%
a,n(*C)~20+0.2+4.1% mesmmp a (2C)=~12E4%
a,,(P?C)r 4+x2%
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Asymptotic form factors of hadrons and nuclei and the continuity
of particle and nuclear dynamics

Stanley J. Brodsky*
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305

Benson T. Chertok’
American University, Washington, D. C. 20016
(Received 7 June 1976)

The large-g ? behavior of the elastic form factor of a hadron or nucleus is related by dimensional counting to
the number of its elementary constituents. Using the framework of a scale-invariant quark model, dimensional-
scaling predictions are derived for the B(g?)/A(g?) ratio in the Rosenbluth formula, multiple-photon-
exchange corrections, and the mass parameters which control the onset of the asymptotic power law in the
meson, nucleon, and deuteron form factors. A simple “democratic chain” model predicts that for large g2,
F(g®) « (1 — g*/ m, »'~", where m, ? is proportional to the number of constituents n. In the case of nuclear
targets {or systems with several scales of compositeness), we also define the *“‘reduced” form factor f,(g?) =
F(g?/T_ F(g; ) in order to remove the minimal falloff of F, due to the nucleon form factors at
g > = (m; /M, g? Dimensional counting predicts (g %"~ 'f,(g? —const. A systematic comparison of the data
for , p, n, and deuteron form factors with the dimensional-scaling quark-model predictions is given.
Predictions are made for the large-spacelike-g? *He and a-particle form factors. We also relate the deuteron
form factor to (off-shell) fixed-angle n-p scattering, and show that the experimental results for t°F,(t) are
consistent with the magnitude of the s-wave wave function «'(0) obtained from soft-core potentials. The
relation of the dynamics of an underlying six-quark state of the deuteron to the nucleon-potential and meson-
exchange-current contributions is discussed. The scaling of g 2f;(g?) implies that the nuclear potential (after
removing the effects of nucleon structure) displays the scale-invariant behavior of a theory without a
fundamental length scale. Predictions are also given for the structure functions, fragmentation, and large-angle
scattering of a nucleus.

100 T T T T T
f Pion, n=2
o [ ]
A~
10° =
Proton, n=3
wgt | .
e %Ol Neutron, n=3
AT l -
-
10 Deuteron, n=6 n
102 |- -
|O'3 | | | I | |
0 | 2 &) 4 3] s 7

- (Gev?)

FIG. 1. Elastic electromagnetic form factors of had-
rons for large spacelike ¢° in terms of the dimensional-
scaling quark model. The curves simply connect the
data points. (The neutron data have been multiplied by
0.1.)
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Hadrons and nuclei probes
1.High p+ processes

2. Cumulative and subthreshold
processes



E2-85-5337

A.V.Efremov, V.T.Kim, G.I.Lykasev

HARD HADRON-NUCLEUS PROCESSES

AND MULTIQUARK CONFIGURATIONS
IN NUCLEI

Ve Conclusion

The analysis of the inclusive large K3 mneson production 1in the
hard haedron processes on nuclei has allowed one to understand the
relative contribution of multiple rescattering processes and the ex-
istence of multiquark fluctons in the nucleus in dependence on Xy
the multiple rescattering processes are dominating at X3 <0.7 + 0.8
whereas at lerger XA the mechanism of hard scattering on fluctons
is doninating. The model of multiple rescattering in which the mul{li-

U VeloTalate) AN DONNDO

ple soft collisions suggested in this paper are taken inte account
hefore the hard collision allows one to describe the multiple rescat-
~tering processes ingide the nucleus correctly.

The flucton model succesfully usmed earlier £foxr the description
of the cumuletive production and EMC-effect with such parameiers is
applied for the description of enomalous phenomena in the large [
processes in nuclei.



In 1973 were published two artiles :
Matveev V.A., Muradyan R.M., Tavkhelidze A.N. Lett. Nuovo Cimento 7,719 (1973);

Brodsky S., Farrar G. Phys. Rev. Lett. 31,1153 (1973)

Predictions that for momentum p,.,= 5 GeV/c in any binary
large-angle scattering (0., > 40°) reaction at large momentum
transfers o9=vV- :

A+B->C+D

d_O' _ —(nA+nB+nC+nD—2)f(£)
dt 4+B->C+D

where n,,ng,n. and n, the amounts of elementary constituents in A,B,C

and D.

s=(p,+tPg)?  and t=(P,-P)?s
do _10 d o 8
e = N TES]
dt pp—>pp > and Gl T
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Scaling Laws at Large Transverse Momentum#*

Stanley J. Brodsky
Stanfovd Linear Accelevatov Centev, Stanfovd Univevsity, Stanforvd, California 94305

and

Glennys R. Farrar
California Institute of Technology, Pasadena, California 91109
(Received 14 August 1973)

The application of simple dimensional counting to bound states of pointlike particles en-
ables us to derive scaling laws for the asymptotic energy dependence of electromagnetic
and hadronic scattering at fixed c.m. angle which only depend on the number of constitu-
ent fields of the hadrons. Assuming quark constituents, some of the s =, fixed-t/s pre-
dictions are (do/dt), — np~ s %, (do/dt dop = pp ™S -0, (do/dt)yp —» mp~s =1 (do/dt)yy - v,
~575, Frig®)~ (@)1, and Fy,(¢®)~ (¢°)~%. We show that such scaling laws are character—
istic of renormalizable field theories satisfying certain conditions.

U VeloTalate)

(p+g+r)/2 (p+ri/2 (p+a+r)/2 (p+r)/2
Our central result for exclusive scattering’ is CETEaa vt v Ve,
(do/dt) 45 —cp =82 H(1/s) (1) T (G5 W TE GREVE
p/3 $ (P+ay3  p/3 2 (P+a)/3
(s ==, t/s fixed). Here = is the total number of p/3 (P+a)/3  o/3 (P+a)/3
leptons, photons, and quark components (i.e., @ !
elementary fields) of the initial and final states. ./ ./
This result follows heuristically if the only phys- P
ical dimensional quantities are particle masses p/2 (p+g)/2 p/2 1
and momenta. We begin by considering a world p/2 (p+a)/2 p/2 (pra)/2
in which a hadron would become a collection of )
free quarks with equal momenta if the strong in- 3 o
teractions were turned off. Note that the dimen- ;,:5«“ =
3% R

IThis result for elastic scattering has been obtained
independently by V., Matveev, R. Muradyan, and A. Tav-
khelidze, Joint Institute for Nuclear Research Report
No. D2-7110, 1973 (to be published). We thank J. Kis-
kis for bringing this work to our attention.

AN DONNDO

(d)

(e)

FIG. 1. Typical Born diagrams for large-momentum-
transfer elastic scattering in the quark picture. (a) mp
—mp (quark scattering), (b) mp — mp (quark interchange),
(c) em—em, (d) an irreducible loop diagram, (e) a re-
ducible loop diagram.
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Unified description of inclusive and exclusive reactions at all momentum transfers*

R. Blankenbecler and S. J. Brodsky

TABLE I. The expected dominant subprocesses for selected hadronic inclusive reactions

E do A +B=C oy =N m2 i at large transverse momentum. The second column lists the important exclusive processes
d3p (A+B=C+X)~(pr)™" f s ’'s which contribute to each inclusive cross section at € ~ 0. The basic subprocesses expected in
and®* 8 . the CIM, and the resulting form of the inclusive cross section Edo/d% ~ (p, %) Ve for p,2~w,

€ — 0, and fixed Bcm. are given in the last columns. The subprocesses that have the dominant
P, dependence at fixed € are underlined. For some particular final-state quantum numbers,
the above powers of € should be increased.

F@rB-c- s (L)

Inclusive Exclusive-limit da 0~ 90°
process channel Subprocesses dp/E )
The entire kinematic range of high-energy in- N S
clusive reactions is illustrated on the Peyrou plot M+B—~M+X  M+B—~M+B* (»=10) qu—————g; _'ﬂf i g-‘-z))_:i
o ; q +B —M +qq L) e
of Fig. 1. As usual we define M+B —~M+B* (P, %) Bt
— 2 — 2
s =(Pa+bs)’, t=(Pa—Po), B+B—B +X B +B =B +B* (n=12) B +q —+~B+gq @LH7%?
. 2y-B.3
u=(pg =pc)?, M*=(ps+ps—pc), {9q) + (9q) ~ B +q br)7e
B +(qq9) =B +qq (P10
and B +B —B +B * (P10t
Ezmz/sg(l_pc.rn,/pmux) ’ B +B =B +B*+ M* (n=14) ﬂ"—q_’B +Q— (plz)_qe?
q +(qq)—~B +M* LY %
Xp=Pr/Pmaxs Xr=Pr/Pmax={(t—u)/s. (qq) +B —B +M* +qq (b, 2 1%1
B +B —B +B*+M* 0, H 2%t
B+B—~M+X B +B-—-M+B*+B* (n=14) g+ (qq)—M+B * L)%
q+B—~q(~M+q) +B* @)%
g +B —~M+q +B * (P B~ 83
(4q) +B — M +B *+qq (b H~1%1
B +B—~M+B*+B* T
B +B —-~M+M*+B*+B* (n=16) M +qg —M +q [
q+q—=q(—M~+q)+B>  (p,H)~®
q+q—~M+B*+q i
M+B —M +B* (P12 Beh
B +B—+M+M*+M*+B*+B* (n=18) q+q—M+M* (pL %t
q+M—-qg(—M+q) +M* (pJ_E)--JiElI
B +B —+B +X B +B—~B+B*+B*+B* (n=18) q +q =B *+gq(—B +qq) (p, D) %!
q +q —B*+B +qq @12’
q +(qq)—~B +B*+B* (L2105
~L 1.
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: SLAC-PUB-1806
S.J. Brodsky, J.F.Gunion August 1976

(T/E)

RECENT DEVELOPMENTS IN THE THEORY OF
LARGE TRANSVERSE MOMENTUM PROCESSES*

TABLE I
. F
Secaling Predictions for E do-/dsp =C an(l—xT)

Large P Process Leading CIM Subprocess Predicted Observed (CP)E

n//F n//F
pp — T X qM — qr* 8//9 8.5//8.8
T qM — qm 8//9 8.9//9.17
K QM — gk 8//9 8.4//8.8
gM — gK~ 8//13 8.9//11.7
K~ .
a3 — K'K 8//11
~pp — pX q{q) — Mp 12//5 11.7//6.8
gB —gp 12//7
pp — pX qd — Bp 12//11 8.8//14,2
qM—qM 8//15
gM —qm 8//7
a(aq) — B 12//3

mq — MY 8//3
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Indication of asymptotic scaling in the reactions dd — p3H,

dd — n*He and pd — pd

Yu. IN. Uzikowl)

Joint Imstitute for Nuclear Research, LNFP, 141980 Dubna, Moscow region, Russia

Submitted 11 January 2005
Resubmitted 28 February 2005

It is shown that the differential cross sections of the reactions dd — mn*He and dd — p®H measured at
= 60" in the interwval of the deuteron beam energy 0.5-1.2 GeV demonstrate the

c.m.sS. scattering angle oo
scaling behaviour, do fdt ~ s 2%
differential cross section of the elastic dp — dp scattering at
at beam energies 0.5—5 GeV. These data are parameterized

AN DONNDO
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Fig.2. The differential cross section of the dd — n®He and
dd — p°H reactions at #.,, = 60° (a),(b) and dp — dp
at e = 1277 (c), (d) versus the deuteron beam kinetic
energy. Experimental data in (a), (b) are taken from [20].
In (c), (d), the experimental data (black squares),(o), (&),
(open square) and (e) are taken from [22 — 28], respectively.
The dashed curves give the s~ %% (a) and s '® (¢) behav-
iour. The full curves show the result of calculations using
Regge formalism given by Eqgs. (2), (3), (4) with the fol-
lowing parameters: (b) — C1 = 1.9 GeV?, R — 0.2 GeV 2,
Cy = 35, R = —0.1GeV~? (d) — €, = T7.2GeV?,
R} = 05GeV 2%, C2 = 1.8, R = —0.1 GeV %, The up-
per scales in (a) and (c¢) show the relative momentum ggn
(GeV /¢) in the deuteron for the ONE mechanism

which follows from constituent guark counting rules. It is found also that the
Oy — 125—135° follows the scaling regime ~ =
here using the Reggeon exchange.
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pp (at 900 c.m.s.)
and cumulative
physics with polarized
beams.
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Polkinghorne.
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The compilation is from Landshoff and
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Elastic Proton-Proton Scattering at 90° and Structure
within the Proton*

C. W. Axervor, R. H. HieBer, A. D. KriscH
Randall Laboratory of Physics, University of Michigan, Ann Avbor, Michigan

AND

K. W. EpwArpsf
Department of Physics, University of Towa, Towa City, Iowa

AND

L. G. RATNER
Particle Accelerator Division, Argonne National Laboralory, Avgonne, [llinois

AND

K. RuppIickf
Department of Physics, University of Minnesota, Minneapolis, Minnesota
(Received 3 January 1964)

The differential cross section for proton-proton elastic scattering at 90° in the center-of-mass system was
measured at laboratory momenta ranging from 5.0 to 13.4 GeV/¢. Fifty-one measurements were made at
momentum intervals of 100 or 200 MeV/¢. The extracted proton beam of the ZGS impinged upon a CH;
target. The two scattered protons were detected by two spectrometers consisting of magnets and scintillation
counter telescopes in coincidence. The incident beam flux was measured by radiochemical analysis of the
CH. targets. The experiment showed no evidence for any S=0, 7'=1 dibaryon resonances in the 3300~
5200-MeV mass range. It also yielded some information about the validity of the statistical model and the
analyticity of the scattering amplitude. The most interesting result of the experiment was a sharp break
in the fixed-angle cross section. This may be evidence for the existence of two inner regions of the proton
with radii 0.51=4=.02 and 0.34-£.02 T,

S.5.Shimanskiy
—~L °. 1,7
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TasrLe I. Proton-proton elastic scattering cross sections at 90°
in the center-of-mass system.

Error in
Pc,ru,z PO (dﬂ"/dgjg_m_ (dd/d!’r)c.m. df?'/dg & da‘_/dé
(GeV/c)2  (GeV /) (ub/sr)  wpb/(GeV/c)? %
1.946 5.0 8.51 13.74 2.9
1.993 5.1 7.90 12.45 3.3
2.039 5.2 7.09 10.93 3.1
2.086 5.3 6.49 9.77 3.6
2.132 5.4 5.53 8.15 3.1
2,178 5.5 4.90 7.07 3.4
2.223 5.6 4.47 6.32 3.1
2.270 5.7 3.72 5.15 3.3
2.316 5.8 3.37 4.57 3.3
2.363 59 2.74 3.64 3.5
2.409 6.0 2.44 3.18 3.1
2.456 6.1 2.19 2.80 3.7
2.503 0.2 1.83 2.30 3.7
2.595 6.4 1.50 1.82 3.7
2.686 0.6 1.07 1.25 4.7
2.779 6.8 0.796 0.900 4.7
2.873 7.0 0.645 0.706 4.1
2.965 7.2 0.515 0.546 4.0
3.059 7.4 0.386 0.396 4.8
3.151 7.0 0.305 0.304 5.4
3.247 7.8 0.253 0.245 4.5
3.338 8.0 0.217 0.204 4.5
3.380 8.1 0.169 0.157 3.9
3.434 8.2 0.172 0.157 4.4
3.480 8.3 0.154 0.139 3.8
3.527 8.4 0.153 0.136 4.6
3.618 8.6 0.127 0.110 4.6
3.713 8.8 0.103 0.0871 4.8
3.8006 9.0 0.0809 0.0667 4.6
3.897 9.2 0.0780 0.0629 4.3
3.9902 9.4 0.0676 0.0532 5.3
4084 9.6 0.0589 0.0453 4.9
4.178 9.8 0.0536 0.0403 4.7
4.272 10.0 0.0468 0.0344 4.9
4.364 10.2 0.0441 0.0318 4.8
4.461 10.4 0.0380 0.0272 4.7
4.554 10.6 0.0356 0.0246 4.8
4.644 10.8 0.0303 0.0205 4.9
4.739 11.0 0.0284 0.0188 5.5
4. 831 11.2 0.0255 0.0166 54
4.924 11.4 0.0202 0.0129 5.4
5.018 11.6 0.0190 0.0119 5.2
5.112 11.8 0.0153 0.00940 5.4
5.208 12.0 0.0143 0.00862 5.4
5.299 12.2 0.0118 0.00699 5.3
5.392 12.4 0.0116 0.00676 5.4
5.490 12.6 0.00953 0.00545 6.3
5.579 12.8 0.00867 0.00488 5.7
5.674 13.0 0.00739 0.00409 5.9
5.770 13.2 0.00722 0.00393 7.1
5.861 13.4 0.00525 0.00281 5.7

S.5.Shimanskiy
—~L °. 1.7
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Figure 1.2: Scaled pp — pp differential cross sections. The dashed limi% represent
perfect scaling. Their vertical position is arbitrary. Left - Ry = ((%) i—‘:(pp))‘l
(s = 13 GeV?) at Oy = 90° versus incoming momentum. Data are from Ref. [19)].
Right - R; = (1 - cos? Bm)‘”%‘j—(pp) (y = 1.6) at piap = 3.9 GeV/c versus 0., Data
are from Ref. [17].
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8 GeV/c

FIG. 2. Plot of the spin-spin correlation parameter
A, for p+p—p+ p at 90° as a function of incident
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PHYSICAL REVIEW D

VOLUME 23,

NUMBER 3 1 FEBRUARY 1981

Energy dependence of spin-spin effects in p -p elastic scattering at 90°_,

E. A. Crosbie, L. G. Ratner, and P. F. Schultz
Argonne National Eaboratory, Argonne, {llinois 60439

J. R. O’Fallon

Argonne Universities Association, Argonne, Illinois 60439

D. G. Crabb, R. C. Fernow,* P. H. Hansen,” A. D. Krisch, A. J. Salthouse,! B. Sandler,? T. Shima, and

K. M. Terwilliger

Randall Laboratory of Physics, The University of Michigan, Ann Arbor, Michigan 48109

N. L. Karmakar

University of Kiel, Kiel, Germany

S. L. Linn" and A. Perlimmutter
Department of Physics and Center for Theoretical Studies, The University of Miami, Coral Gables, Florida 33124

P. Kyberd

Nuclear Physics Laboratory, Oxford University, Oxford, England

(Received 31 March 1980).

The energy dependence of the spin-parallel and spin-antiparallel cross sections for p, + p,—p + p at 90°. ., was
measured for beam mornenta between 6 and 12.75 GeV./c. The ratio (do /dt), do /dt )y, at 90° is about 1.2
up to 8 GeV/c and then increases rapidly to a value of almost 4 near 11 GeV/c. Our data indicate that this ratio
may depend only on the variable P, ?, and suggests that the ratio may reach a limiting value of about 4 for large P, 2.

¥ I B T T 1 T T
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5 » Linetal
I * Miller et al.
s [ © Willard et al.
Ann r
3+
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Ce Me

beam momentum, The dashed and solid lines are hand-

drawn possible fits,
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FIG. 3. Plot of the ratio of the spin-parallel to spin-
antiparallel differential cross sections, as a function of
P2, for p-p elastic scattering, The squares are the
fixed-angle data at 90°, , , with the incident energy var-
ied. The circles are data (Refs, 5, 11) with the momen-
tum held fixed at 11.75 GeV/c while the scattering angle
is varied, The dashed and solid lines are hand-drawn
possible fits to the 90°, , data.
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Color(nuclear) transparency in 90° c.m.
quasielastic A(p,2p) reactions

The incident momenta varied from 5.9 to 14.4 GelV/c,
corresponding to 4.8 <Q¥ <12.7 (GeV/c).

L(p+"p" = p+p)

1" = do
Z%(p+p—p+Dp)

©
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Aeff/A

P. Jain et al. | Physics Reports 271 (1996) 67179
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0.8 - )

] .

- - T 12
0.6 /, L
0.4 / l

P .,-"l.‘

0.2- o

- / - / ---- 200

t ﬁ.-s-—*‘l/ ..........
0-0 T ™ T 1 ™ - . . [ r _ ] |
10 20 20

Plab (GeV/c)

109

Fig. 3.8. The theoretical predictions of Farrar et al. [51] for pA — p'p”(4 — 1). The model predicts a monotonically
increasing transparency ratio which is in clear conflict with the data, especially for the Al target (not shown; see Fig. 3.3).
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2p) scattering processes is presented. The model accounts for the initial- and p, (GeVic)

-state interactions (IFSI) within the relativistic multiple-scattering Glauber ap-
imation (RMSGA). For the deseription of color transparency, two existing mod-

lativistic framework for computing the nuclear transparency extracted from

o
[&)]

Fig. 1. The nuclear transparency for the 2C(p,2p) reaction as a fun
the incoming lab momentum py. The full RMSGA (solid lines) are comy
the RMSGA’ (dashed lines) results. The different curves represent the R
RMSGA+CT and RMSGA+CT+NF calculations. The CT effects are ca
in the FLFS model [21] with AM? = 0.7 (GeV/c?)? and the results incluc
mechanism of NF are obtained using the positive sign of ¢ (s) + §;. Data a

Refs. [4,5,6].

re used. The nuclear filtering mechanism is implemented as a possible explana-
for the oscillatory energy dependence of the transparency. Results are presented

he target nuclei "Li, 12C, 27Al, and %3Cu. An approximated, computationally

intensive version of the RMSGA framework is found to be sufficiently accurate
he calculation of the nuclear transparency. After including the nuclear filtering
color transparency mechanisms, our calculations are in acceptable agreement
the data.
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The transparency of carbon for (p.2p) quasielastic events was measured at beam momenta rang-
ing from 5.9 to 14.5 GeV/c at 90° c.m. The four-momentum transfer squared (Q?) ranged from 4.7

to 12.7 (GeV/e)2.

We present the observed beam momentum dependence of the ratio of the carbon
to hydrogen cross sections. We also apply a model for the nuclear momentum distribution of carbon to
obtain the nuclear transparency. We find a sharp rise in transparency as the beam momentum is increased

to 9 GeV /c and a reduction to approximately the Glauber level at higher energies.
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FIG. 2. Top: The transparency ratio Tcy as a function of the
beam momentum for both the present result and two points
from the 1993 publication [3]. Bottom: The transparency T
versus beam momentum. The vertical errors shown here are
all statistical errors, which dominate for these measurements.
The horizontal errors reflect the « bin used. The shaded band
represents the Glauber calculation for carbon [9]. The solid
curve shows the shape R™! as defined in the text. The 1998
data cover the c.m. angular region from 86°—90°. For the new
data, a similar angular region is covered as is discussed in the
text. The 1988 data cover 81°—90° c.m.
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VIIL. SUGGESTIONS FOR FUTURE EXPERIMENTS

Clearly there remain a number of inferesting investiga-
fions mvolving nuclear transparency of protons and other
hadrons. A revival of the AGS fixed target program [44], or
the construction of the 50-GeV accelerator as part of the
J-PARC complex in Japan [55], would provide excellent op-

portunities fo expand the range of these nuclear transparency

\%Illdles. Some of the remaining questions are the following.

(1) What happens at higher incident momentum? Does

nuclear transparency rise again above 20 GeV/e, as pre-
dicted in the Ralston-Pire picture [56]?

(2) A-dependent studies i the 12 to 15 GeV/c range:
will the effective absorption cross section continue to fall

U VeloTalate) o TaNaViaelatTaYe)

after the nuclear transparency stops rising at ~9.5 GeV/c
[56]?

(3) At the higher energy ranges of these experiments the
spin effects are expected to be greatly diminished. However,
they continue to persist, as shown in both single and double
spin measurements [34,57]. So it is important to see, in
quasielastic scattering inside a nucleus, whether a relatively
pure pQCD state is selected. and if the spin dependent effects
are attenuated.

(4) Measurements of nuclear transparency with antipro-
tons, pions, and kaons will be informative. These particles
have widely different cross sections at 90__. For instance,
the pp differential cross section at 90_  is 50 times larger
than the pp differential cross section [19]. How should this
small size of the pp cross section affect the absorption of p’s
by annihilation?

(5) The production of exclusively produced resonances
provides a large testing ground for nuclear transparency ef-
fects. This is especially true for those resonances that allow
the determination of final state spin orientation, such as p’s
or A’s [19.36]. Will the interference terms that generate
asymimetries disappear for reactions which take place in the
nucleus?

(6) Measurements in light nuclei that determine the prob-
ability of a second hard scatter after the first hard interaction
are an alternative way to study nuclear transparency effects.
With the proper kinematics selected, the probability of the
second scatter 1s dependent on the state of the hadrons at the
first hard interaction [58].
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Evidence for Color Transparency and Direct

Hadron Production at RHIC *
By Stanley J. Brodsky

The QCD color transparency of higher-twist
contributions to the inclusive hadroproduction cross section where
the trigger proton is produced directly in a short-distance
subprocess can explain several remarkable features of high-p
proton production in heavy ion collisions which have recently been
observed at RHIC: (a) the anomalous increase of the p — n ratio
with centrality (b): the more rapid power-law fall-off at fixed x; of
the charged particle production cross section in high centrality
nuclear collisions, and (c): the anomalous decrease of the number
of same-side hadrons produced in association with a proton trigger
as the centrality increases. These phenomena provide new

perspectives for interpreting QCD processes in the nuclear medium.
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Cumulative and Subthreshold particle
production are very nhice processes 1o
investigate the high dense state of the cold
nuclear matter.

Two theoretical ways to describe these phenomena:

‘Fermi motion and SRC (will
produce equal final QG phase for
cold and hot evolution ways of
nuclear matter)

*Fluctons will open new possibilities
(quark stars, diquark condensate...)
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V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986)
(X;M) + (X :My)) = mg + [X, M, + X :M; +m, ]
Quark-parton model

F)I
A| { X, { Cumulative

- particle

(X, P) + (X, Py) = M(X,X))

S>S,

-...
-y, -
e
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Cumulative and Subthreshold processes

S > S,

cumulative

X
X = 1 - for free NN-1Interaction
kinematical borders

1 € [0,A] and X,, € [0,A,]
I




X >1

Cumullative processes:
1) X, 1 and X;;, > 1
2) X 1 and X; > 1
3) X;, >1and X;; > 1

Fragmentation
regions
Central region
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Fragmentation regions

pt N m = m + [ Nipin M + Al

for E,>>m,, E,

(Ec _ﬂ,u Pc 'COS@C)

m

112

X = Npin =0 +..=X;(Xy;) Stavinsky (1970°s)

Common case for AA-collisions

V.S. Stavinsky JINR Rapid Communications N18-86, p.5 (1986)

(X M) + (X; M) = mg + [X-M, + XM +m, ]

SH2 = min(SY?) = min[(X; - B, + X, - By )"?]

min
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Stavinsky added new condition which fix X; and Xz

g2 = min(s'/?) = min[(X7 - M} + X3 - M} +2- X7 Xp(Pp - Pp)'?)

TNU?

For quak-parton models we don't have this condition
and will need to integrate over X; and Xr.

In quark-parton models we take M;=M,=0. This is a
difference between Bjorken and Stavinsky variables X.
(What will connect with X mass or momentum?)

But may be in high p;region we can use this condition for
quark-parton models too!?

Stavinsky's X connect with mass and flucton models.

Quasibinary reactions we can find in the region of
high p+ phenomenons.
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Kparxue coobwenua OHAH N°18-86 JINR Rapid Communications No. 18-86
YK 539. 12. 01

EAUHBIA AJITOPUTM BbIYUCNEHUA UHKIKO3UBHBIX CEYEHWH
POXAEHMA YACTUL C BOJIbWKMMKM NOMEPEYHBIMK MMNY J1bCAMU
W AOPOHOB KYMYNATUBHOIO THUNA

B.C.CTaBuMHCKuUM

llpepyioxeH enuHbI AJITCOPHTM BbBIUHCJIEHHS HHKIII3HBHBIX
CeyeHU pOXAEeHHsaA 4YacCTHll C OOINBNHMH IIONEepPEeYHbIMH HMIIYIIb—
CaMH H aJApOHOB KYMyJIATHBHOI'O THNA. BO3SMOXHOCTH €OUHO-
r'o OMHCAaHHA 3THX IpOLEeCcCOB 00yCJjioBlIeHa BBeIeHWEM HO-—
BOro aprymMeHTa — MHUHMMAJbHOH SHEpPIrHH CTAaJIKUBaKWMHUXCSH
KOHCTHUTYEHTOB, HeobOXoOguMoM i pOxOeHus HabmwgaeMon
yacTHupl. [I[poBepeHo CcpaBHeHHE C 3KCIIepHUMEHTaJIbHbIMH
OAaHHBIMH .

Pabora BbmosHeHa B JlabopaTOpHH BHICOKHX 9HEpPIHH
OHusH.

Unique Algorithm for Calculation of Inclusive
Cross Sections of Particle Production

with Big Transverse Momenta and of Cumulative
Type Hadrons

V.S.Stavinskil]j

Unique algorithm is proposed for caiculating in-

clusive cross sections of particle production with
big transverse momenta and cumulative type hadrons.
A possibility of unique description of these proces-
ses is due to introduction of a new argument - of mi-
nimal energy of colliding constituents needed for the
production of observed particle.

The investigation has been performed at the Labo-
ratory of High Energies, JINR.
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Puc.10). DKcHepUMEHTAIBHBIE [IaH-
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Kpamkue coobuenus OMSIH 3[54]-92 JINR Rapid Communications No.3[54]-92
YK 539.12+539.17

BO3MOXEH JIH EAUHBINA MMOAXO0/1
K NNOAIOPOrOBbIM U KYMYJISTUBHBIM ITPOLIECCAM
B PEJISTUBUCTCKHUX AJEPHBIX CTOJIKHOBEHUSAX?

A.A.Banaun*

ITpeanaraercs equubiit NOAX0ON K OMMCAHMIO NOANOPONOBBIX , KYMY /IS THBHbBIX
H 1B2XX1bl KYMYJISTUBHBIX MPOLIECCOB HA OCHOBE rMNOTE3bl 00 aBTOMOAEILHOCTH
PENITHUBUCTCKHUX SACPHBIX CTONKHOBEHMMH. Pacuersl, nposeseHHbie B pamMkax
NPEVI0KEHHOH MOACAH, CPABHHUBAIOTCSH C Pa3HOOOPA3HBIMM IKCNIEPHUMEHTAb-
HbIMM J1JAHHbIMM.

Pabota sbimosinena 8 Unctutyte spepubix uccaenosanumin PAH, Mocksa.

Is the Universal Approach
to the Subthreshold and Cumulative Processes
in Relativistic Nuclear Collisions Possible?

A.A.Baldin

The universal approach to the description of subthreshold, cumulative and
twice-cumulative processes based on the self-similarity hypothesis is presented
and applied to the various reactions. Large experimental material including
nucleus-nucleus and proton-nucleus interactions is analyzed.

The investigation has been performed at the Institute for Nuclear Research,
Russian Academy of Sciences, Moscow
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A.A. Baldin's parameterization

Phys. At. Nucl. 56(3), p.385(1993)

1
HZE(X]Z+X]2]+2'X[.X[[.7/1,]])

1 1
2 :L.S?
2 . o min

(P - Py)

=
MMy

Inclusive data parameterization
d3c
dp3

e —+
£ —C A3 3 A3 exp(-2D),

C; = 2200[mb - GeV % -¢3 -sr71],C, = 0.127
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A.A. Baldin's parameterization for cumulative and
subthreshold particle production
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nowmx peakumii: * Si + Si— K~ 2,0 MB/uyknon, 0°[9]; x Si + Si»>p 2,0 I'sB/uyx-
M, 0°[9]; & Si + Si—» K- 1,4 MB/uykaon, 0°(8) o C+ C—+p 3,65 [I'aB/uyknou,
*[11];0d + C - p 3,65 IB/uyknon, 24°[11]; & C + C » K~ 2,5—3,65 I'3B/uyxon,
°[12]; Ad + C» K~ 2,5—3,65 MB/uyxnon, 24°[12]; = p + C - K~ 9,2 I'9B/uyxnon,
9°[6]; O p+ C->x— 9,2 I'aB/uyxnon, 119°[7]
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Peakipa |ExvH. ‘!HI:!?I: yi"lg.ldl. Tarc™ p_aElap?dfl %pac™ %E"d:u;ﬂ CCHIKa

I'aB/u|T'sB/c|BuJET o 5,9

MG/cp T'sB°/c Md/cp T'sB</c
d+C ->p | 3.65| 0.8 | 24° | (1.5:0.6)107% | 9.3 =107 | 11
C+C —>p | 3.65| 0.8 | 249 | (1.2:0.3)«10° | 7.4 =107 | 1
C+Cu->p | 3.65| 0.8 | 24° | (6.242.0)x107° | 6.05 x 102 | 11
S1+61-5p | 2.0 | 1.0 | 0° [(B.7122.9)x1075 | 1.98 ~ 107¢ 9
$1481->p | 2.0 | 1.5 | 0° [(1.08:0.25)«1074| 1.2 =~ 107* 9

S1+451-%p [ 2.0 | 1.9 | 0° [ (4.9+1.0)=107% | 5.07 « 1078
S1+51->p | 1.65| 1.5 | 0° |(1.4120.38)x10°%| 9.1 « 1078 9
d+C->k"| 2.5 | 0.8 | 24° | (4.1£2.0)x1072 5.7 x 1072 12
C+C->k| 2.5 | 0.8 | 24° | (4.641.0)x107" 4.4 = 107" | 12
S1451-k"| 1.0 [ 1.0 | o® | (1.2¢1.5):107% | 1.1 x 1073 8
S1+51-5k| 1.26[ 1.0 | 0° | (B.0+5.0):107° | 2.26 » 102 8
S1+51->k7| 1.4 [ 1.0 | o° | (5.0¢1.5)x102 | 7.0 « 107 8
S1451-k7| 1.4 [ 1.5 | 0° [ (5.0¢1.5)x107% | 7.56 x 1073 8
S1+81->k| 2.0 | 2.371| Y | (1.541.0)=1072 1.66 » 1072 9
si+51->k | 2.0 [ 1.5 | 0° | (2.5:0.5)x107" 3.46 « 107" 9
51+51->k7[ 2.0 [ 1.0 | 0% | (1.5:0.5)x107% | 1.45 « 10° 9




The purpose of this note is to realize the idea [4]
that the cumulative effect is connected largely with

a suggestion on the existence in nuclei of the so-called g, 0ev |
fluctuons. Earlier fluctuons were proposed [7] in order
to understand the nature of the “deuteron peak” in .

the pA-scattering cross section at large momentum
transfers [8] and also to interpret the pd-scattering

cross section [9]. Compressional fluctuations of mass

Volume 67B, number 1 PHYSICS LETTERS 14 March 1977
(TEOPITSK

~——

LARGE MOMENTUM PION PRODUCTION IN PROTON NUCLEUS
COLLISIONS AND THE IDEA OF “FLUCTUONS” IN NUCLEI

V.V. BUROV
The Moscow State University, Moscow, USSR

and
V.K. LUKYANOV and A.I. TITOV
Joint Institute for Nuclear Research, Dubrna, USSR

Received 27 January 1977

It is shown that in proton-nucleus collisions, the production of pions with large momenta can be explained by the
assumption of the existence of nuclear density fluctuations (**fluctuons’) at short distances of the nucleon core ra-
dius order, with the mass of several nucleons.

2 EH%(mb Gevid

12C

[T

0.8 0.0 0.4 0.8

My = kmy, of nucleons in the small volume V, =%:rrrg Tn (Gev)

where re is the fluctuon radius were assumed.
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Fig. 1. (a) Calculations of the invariant pion production cross
section for 12C: I — for the free proton target; Il — with fermi
motion; III — the relativization effect. (b) The contributions
of separate fluctuons with mass My = kmyp where k is the
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Forward K Production in Subthreshold p A Collisions at 1.0 GeV

V. Koptev,! M. Biischer,? H. Junghans,> M. Nekipelov,'? K. Sistemich,? H. Stroher,> V. Abaev,! H.-H. Adam,?
R. Baldauf,* S. Barsov,! U. Bechstedt,®> N. Bn:)ngers,2 G. Borchert,? W. Borgs,2 W. Briiutigamj2 W. Cassing,S
V. Chernyshev,® B. Chiladze,” M. Debowski,® J. Dietrich,> M. Drochner,* S. Dymov,? J. Ernst,'® W. Erven,*

R. Esser,!!'* P. Fedorets,® A. Franzen,” D. Gotta,> T. Grande,? D. Grzonka,? G. Hansen,'?Z M. Hartmann,? V. Hej ny,z
L.v. Horn,2 L. Jurcxyk,”‘ A. Kacharava,’ B. Kan1ys,l3 A. Khoukaz,®> T. Kirchner,® S. Kistryn,'3 F. Klehr,'?
H.R. Koch,? V. Komarov,? S. Kopyto,? R. Krause,? P. Kravtsov,! V. Kruglov,” P. Kulessa,?!? A. Kulikov,”-!#

V. Kurbatov,? N. Lang,®> N. Langenhagen,® 1. Lehmann,? A. Lepges,?2 J. Ley,!! B. Lorentz,> G. Macharashvili,”?
R. Maier.2 S. Martin,? S. Merzliakov,® K. Meyer,2 S. Mikirtychiants,! H. Miiller,® P. Munhofen,? A. Mussgiller,”
V. Nelyubin,] M. Nioradze,” H. Ohm,2 A. Petrus,? D. Prasuhn,? B. Prietzschk,® H.J. Probst,?> D. Protic,”> K. Pysz,!>
E. Rathmann,? B. Rimarzig,® Z. Rudy,'® R. Santo,> H. Paetz gen. Schieck.!! R. Schleichert,? A. Schneider,”
Chr. Schneider,® H. Schneider,? G. Schug,?2 O. W. B. Schult,2 H. Seyfarth,? A. Sibirtsev,? J. Smyrski,!?

H. Stechemesser,'2 E. Steffens,!® H.J. Stein,2 A. Strzalkowski,!? K.-H. Watzlawik,? C. Wilkin,!” P. Wiistner,*

S. Yashenko.? B. Zalikhanov,? N. Zhuravlev,? P. Zolnierczuk,'® K. Zwoll,* and 1. Zychor!'®

K T-meson production in pA (A = C, Cu, Au) collisions has been studied using the ANKE spectrome-
ter at an internal target position of the COSY-Jiilich accelerator. The complete momentum spectrum of
kaons emitted at forward angles, 9 = 127, has been measured for a beam energy of 7, = 1.0 GeV, far

below the free NN threshold of 1.58 GeV. The spectrum does not follow a thermal distribution at low
kaon momenta and the larger momenta reflect a high degree of collectivity in the target nucleus.
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FIG. 2. (a) Double differential X " -production cross section for
the p(1.0 GeV)'?C — K™ (# = 12°)X reaction as a function of
the K momentum. (b) Same data plotted as invariant cross sec-
tion. The error bars are purely statistical. The overall normaliza-
tion uncertainty is estimated to be 10%. The solid lines describe
the behavior of the invariant cross section within a phase-space

v I N approximation [Eq. (2)]. 20 o B
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Subthreshold Antiproton Production in 28Si+ 28Si Collisions
at 2.1 GeV/Nucleon

J. B. Carroll,” S. Carlson," J. Gordon,™ T. Hallman,® G. Igo,"’ P. Kirk,® G. F. Krebs,® P.
Lindstrom,® M. A. McMahan,®’ V. Perez-Mendez, @ A. Shor, @ S. Trentalange, " and Z. F. Wang‘"
a "University of California at Los Angeles, Los Angeles, California 90024
B Brookhaven National Laboratory, Upton, New York, 11973
) Lawrence Berkeley Laboratory, Berkeley, California 94720
@ Johns Hopkins University, Baltimore, Maryland 21218
S Louisiana State University, Baton Rouge, Louisiana 70803
(Received 12 December 1988; revised manuscript received 16 February 1989)

We report on the first observation of subthreshold antiproton production in nucleus-nucleus collisions.
This measurement was made for the system *Si+28Si at a bombarding energy of 2.1 GeV/nucleon (ki-
netic energy per NN pair in the c.m. frame ~850 MeV). A differential cross section d2c/dPdQ of
80 % 40 nb/sr (GeV/c) was measured for p production at 1.9 GeV/c and 0°. This result is 3 orders of
magnitude larger than that predicted by a calculation incorporating internal motion of the nucleons in

the colliding nuclei.
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FIG. 3. Subthreshold antiproton production in p+Cu col-
lisions (x) and a comparison with 5 production in Si+Si col-
lisions (¢). Solid line is a calculation for p+Cu— p+X in-
corporating a double-Gaussian distribution for the internal nu-
clear momentum (Ref. 11). Dotted line is the same calculation
for Si+Si— p+.X.
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Fermi motion or Short Range Correlation (SRC) mechanism

p+A—)7Z',K,;,...+X

o, ~ n(%)-a(NN—Hz,K+X)

p+tA-onp..+tX

OnN ~ ”(TC)'UO
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Flucton hypothesis
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SHAEPHAS DH3HKA, 2002, mom 65, Ne 11, ¢. 2042—2051

OB30PbI

IMYTH UCCJIEJOBAHUA SIAEPHOI'O BELLLIECTBA B YCJIOBUSX,
XAPAKTEPHbIX 1JIS1 ETO MEPEXOJA
B KBAPK-IJIOOHHYIO MJIASMY

© 2002 r.

I A. Jlexcuu

Hucmumym meopemuueckoll u skcnepumermansrol pusuru, Mockea, Poccus
IMoctynuna B peaakunio 07.02.2002 r.

Kpatko npeacrasienbl cBOHCTBA NIyGOKOHEYNPYTHX SIIePHBIX PEAKLMH, TPOMCXOJSALUNX HA TWIOTHBIX (hi1yK-
Tyauusax sAepHod marepus (dayxronax). ObcyskuamTes cBoHCTBA (WIYKTOHOB, KOTOPBIMH MOTYT ObITh
MHOTOKBAPKOBbIE “MELUKH" HJIH “Kanenbkh” KBAapK-TJII0OHHOM [1J1a3Mbl: XapaKTepHbIe MapamMeTphl s1epHOro
BelllecTBa BO (UIYKTOHE — “TemniepaTypa” M IUIOTHOCTB IMOPsiIKa KPHTHUECKHX s (ha30BOr0 IMepexosa.
HXx sHaueHHst MOTYT GbITh JIOCTHTHYThI HJIH IPEB30HIEHBI, €CJIH BBIIEIHTE COOBITHST (DIYKTOH-(hIyKTOHHBIX
cTOMKHOBeHHI. Q6cyKaaercsi criocod BblIeJeHHs.
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Energy Dependence of Charged Pions Produced at 180°
in 0.8—-4.89-GeV Proton-Nucleus Collisions

L. S. Schroeder, S. A. Chessin, J. V. Geaga, J. Y. Grossiord, (®>
J. W. Harris, D. L. Hendrie, R. Treuhaft, and K. Van Bibber
Lawrence Berkeley Laboratory, University of California, Berkeley, Califormnia 94L720
(Received 25 September 1979)

High—-energy charged pions produced at 180° in 0.8—4.89-GeV proton—nucleus collis—
ions have been studied. Both the slopes of the energy spectra and the m~/7n* ratios in—
crease rapidly with primary energy up to ~ 3—4 GeV, where limiting values appear to
be reached. The dependence on target mass also changes over this energy range. Un-—
like forward pion—-production results, backward pions at these energies do not obey
the scaling law suggested by Schmidt and Blankenbecler.

We report on a systematic study of the energy collisions such production is kinematically re-

dependence of charged pions produced at 180° in stricted. Observation of pions beyond this kine-
the collisions of 0.8—4.89-GeV protons with nu- matic limit may then be evidence for exotic pPro-
clei. A principal reason for studying production duction mechanisms such as production from
of energetic pions from nuclei in the backward clusters.'™® Early experiments by Baldin ez «l.®
direction is that in free nucleon-nucleon @ -IN') using 5.14- and 7.52-GeV protons observed
© 1979 The American Physical Society 1787
1 T T T — T T T T
6o <
S s
o i i t
T -~ (@ tering mechanism to one where nucleon clusters
= +* . . .
= @ ?$/ . wolfset play an ever increasing role. To isolate the pro-
30 /% v Reference & duction mechanism further, experiments are re-
=5 quired which will measure additional observables
such as associated multiplicities and two-par-
R | ' ; ; , . : , ticle correlations. However, it is clear that by
O ————— e} —— e measuring the production of pions in kinematic
—~ °° regions beyond those available in free N-N colli-
£ e t sions, such as at 180° and high energies, one is
 oa + (b) probing the short-range behavior of nucleons in
ozl * v Reterance's T nuclei. This behavior might manifest itself as
o | | ; i . , , . large Fermi momenta or nucleon clusters.
o 1 2 3 4 =3 &
T, (Gev)
FIG. 1. Energy dependence of (a) Ty, parameter for
pions, and (b) the 7w~ /m* ratio at 180° obtained by
integrating each spectra up to 100 MeV for p—-Cu col-—
lisions from 0.8 to 4.89 GeV. The dashed curve in both
cases refers to the predictions of the ‘“effective—tar—
get’” model (Refs. 3 and 4) . 1
=g T PR
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Pion production: A-probe for cohere

— L |

Lt 1
& ]

™ -/

J. Stachel, P. Braun-Munzinger, R. H. Freifelder,* P. Paul, S. Sen, P. DeYoung,Jr and P. H. Zhang*
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nce inmediu/rn-energy heavy-ion collisions
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L Department of Physics, State University of New York at Stony Brook, Stony Brook, New York 11704

T. C. Awes, F. E. Obenshain, F. Plasil, and G. R. Young
Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831

R. Fox and R. Ronningen

National Superconducting Cyclotron Laboratory, Michigan State University,
East Lansing, Michigan 48824
(Received 19 November 1985)

The production of neutral pions has been studied in reactions of 35 MeV /nucleon *N +27A1Ni, W
and 25 MeV/nucleon O+2?’ALNi. Inclusive pion differential distributions do/dT,, do/dS},
do/dy, do/dp,, and d’o/dy dp, have been measured by detecting the two pion-decay ¥ rays in a
setup of 20 lead glass Cerenkov detector telescopes. Special care was taken to understand and
suppress background events. Effects of pion reabsorption are discussed and it is found that the
cross sections presented here are substantially affected by such final state interactions. The com-
paratively large experimental cross sections and the shape of the spectral distributions cannot be ac-
counted for in single nucleon-nucleon collision or statistical models; they rather call for a coherent

pion production mechanism.
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FIG. 13. Experimental integrated pion production cross sec-
tions divided by (A4pA1)?/ for different beam energies. The dif-
ferent symbols signify 'O + ?’ AL Ni (closed diamond, present
data), “N4+?7A1Ni,W (open diamond, present data),
“OAr + *°Ca (open triangle, Ref. 9), and '2C + '2C (open circles,
Refs. 8 and 10). Also shown are results of a single nucleon-
nucleon hard scattering model (Ref. 23) (dotted line), the extend-
ed phase space model (Ref. 27) (dashed line), a thermal model
(Ref. 30) (solid line), and the bremsstrahlung model (Ref. 38)
(dashed dotted line).
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pion kinetic energy spectra plotted as a function of beam
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Subthreshold particleproduction in
to the flucton-flucton mechanism
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Inverse slope for subthreshold production must be the less

then T,/ 2
(near the phase space border).
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CURRENT EXPERIMENTS USING POLARIZED
BEAMS OF THE JINR WVWBLHE ACCELERATOR
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Very nice phenomenological
description of cross sections
(using scale variables X) but

huge problems to describe

cumulative polarization
phenomenons.

Where is the road to resolve problem of the nature of
cumulative(subthreshold) particle production?



The main questions

Do we see multiquark states inside nuclei
or it's SRC of nucleons?

Which properties of these objects?



The first attempt to find answers



High p+ road (E850/EVA)

p +/IDI/

po+k=p +p,

p—@
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Figure 1.3: :

measurement.
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E850/EVA (BNL)
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A schematic view of the EVA solenoid and the neutron counters in the 1998
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n-p Short-Range Correlations from (p, 2p 4+ n) Measurements

A Tang,' J.W Watson,' J. Aclander.” 1. Alster.” G. Asryan,*” Y. Averichev.® D. Barton.* V. Baturin,"
N. Bukhtoyarova,*® A. Carroll.* 8. Gushue.* S. Heppelmann.® A. Leksanov,® Y. ]"-'I'.‘Lk.d'l.‘i-],_i A Malki,” E. Minina,®
I. Navon,” H. Nicholson,” A. Ogawa,” Yu. Panebratsev.” E. Piasetzky,” A. Schetkovsky,™ S. Shimanskiv.® and
D. Zhalov®
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Figure I.5: The vertical component of the target nucleon momentum vs. the total nentron
morreentiim. The positive vertical axis is the upward direction. The events shown are for
triple coincidences of the neutron with the two high energy protons emerging from the
QE C(p. 2p) reaction. The squares are for the 5.9 GeV /e incident beam and the triangles
are for 7.5 GeV /e, The dots are preliminary unpublished data from the 1998 runing
period. We associate the events in the upper right corner with NN SRO.
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We need more complete investigation in the
range of maximal p; in semi-exclusive (and
exclusive) experiment setup for
comprehension of the nature of cumulative

processes.
a)
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S.5. RNP 2005 Proceedings
hucl-ex/0604014

- average number of baryons accompanied high pr cumulative particle product.
1d 1t Seumuiat dependance;

- average multiplicity accompanied high pp cumulative particle production and
umulat dependance:;

- Scumulat dependence of polarization characteristics (analyse power, asymmetry &
 on), for SRC mechanism will be scaling repeating effects for free nucleon-nucle

teractions:;

- coincidence cross sections of high pr cumulative particle production with prec
on of the "quark counting rules” [9] when using Stavinsky’s variables.
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Cumulative particle production pA % e o e o ST T
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The situation is very similar for
cumulative(subthreshold) and high p+
processes where is very good description of
cross sections(using constituent picture)
and very bad understanding how to describe

polarization.

“Counting rules” and the phenomenology
give us direction for future physical
investigations.

Huge polarization effects (high p+
pp-collisions and s.0.) give
additional tools.
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Quark Gluon Plasma Physics

Johanna Stachel

Physikalisches Institut, Universitat Heidelberg

CERN Summer Student Program - July 25 and 26, 2005

e Lecture I: Dense Matter and the Quark-Gluon Plasma
® Lecture II: Statistical Hadron Production

e Lecture III: Heavy Quarks and Jets as Probes of the QGP
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high p, suppression seen by all experiments

Raa=vield(AuAu)/N,, yvield(pp)

* all expts. see large

n,_; 1.4 o 7" T;ER_;O%%\IS"" =200 GeV suppression in AuAu
1 22_ : E:g:gé?51_g:;z; #* 1t¥ lower than h*
"= v BRAHMS (0-10%) * no suppression in dAu
1 rather
0 8: Cronin enhancement
" — medium effect, not
0.6 incoming partons
0.4-
B + reasonable agreement
0.2 between 4 experiments
00

Johanna Stachel
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Phase boundary from lattice QCD at finite baryon density

NeW 200 ' | ! | 165 -_! | | I N I LI I T T T 1 l IL-
endpointysg mﬂw . :“**nm :
e | HHHH I 164 C ""u,_z crossover .
5 | s e :
= 100 ~ (=T 5 ] 1 Jeme— —
A | | " " hadronle phase "z endpoint J
sof i 162 [ E’ﬁ?
E iy N - 1* order transition |+
g |nuclearmattm o elseesl i vsaleay olgg
T T E— 0 100 200 300 400
b (MeV) ty (MeV)
S. Ejiri et al, hep-1at/0312006 Z. Fodor, S. Katz, JHEP0404, (2004) 050
Note: 3 g = Up critical end point not (yet) well

determined theoretically
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With polarized ion beams we have
real possibility to resolve many problems as
are:

-"spin crisis”* of 70's (pTpT,pTnt,nTnt):;

- color transparence (pTA, pT3He(d)?);

-cumulative(subthreshold) particle
production - to discovery the new
state of nuclear Matter as

“color quark condensate”

*) next slide



spin crisis” of 70's
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	In Russia there are two accelerators to perform baryon matter investigations (Dubna and Protvino).���Some time in future will 
	Let us look at the nucleon-nucleon interaction:    �
	QCD phase diagram
	What if we compress/heat the system so much that the individual hadrons start to interpenetrate? �
	Having these data, we know almost full (99%) nucleonic picture of nuclei with A  56
	Very nice phenomenological description of cross sections (using scale variables X) but huge problems to describe cumulative po
	p +”D”
	E850/EVA (BNL)

