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The NICA complex ( NfCAs

existing facilities to be constructed
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NICA
(NICA)

SPD project preparation

» Formal JINR project for the SPD design (i.e. for preparation
of the Technical Design Report, TDR) and submission of the
project to the PAC for Particle Physics:

— status report (Jan. 2018);

— submission to the PAC in Nov.
2018 for the PAC meeting In Jan.
2019, i.e. complete draft must be
ready beginning of October 2018;

» Expressions of Interest by the interested institutes are
expected at this stage

> Editorial Board will be set up very soon — first draft to be
ready by middle of September!



HIGH p; ISSUES at SPD

. Diquark properties.

. The Confinement laws.

. Nature of the spin effects.

. The Deuteron spin structure.

. FSI (with s,c-quarks participation).
. Nature of CsDBM.

. np dilepton production anomaly.

. Exotic states.

. Subthreshold J/¥ production.



Successful Theory

Anomalous Magnetic Momen
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Nuclei and NN-interaction



1937: Theory of nuclear forces (H.Yukawa)

Existence of a new light particle (“meson”) “";( \ gt/
. ) m
as the carrier of nuclear forces E

Relation between interaction radius and meson mass m: ;
€ C P n =
mc? = 200 MeV i —r
R_ — ‘ fOF R, ~ 1013 4 T Hideki Yukawa
5 € n

1947: Discovery of the m - meson (the “real” Yukawa particle)

Four events showing the decay of a n*
coming to rest in nuclgar emulsw;n

& -

Observation of the t* —» p* — e* decay
chain in nuclear emulsion

exposed to cosmic rays at high altitudes

m, = 139.57 MeV/c? ;spin=0
Dominant decay mode: n*t —»> p*+ v

@and t->pu +v)

Mean life at rest: ©_=2.6 x 10785 =26 ns




F. Close  Quark Interaction - QCD

Feynman diagrams for chromomagnetic interaction

e

®©
(6" Like QED, QCD has

“strength”

g xg/api~1/10

= o

S

“o,” falls with p
= is big at small p
"STRONG" force
= small at large p
"pQCD" in HEPhys




o constant of the strong interaction
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Parton Distribution Function

PDF
| =

QOO Xg P
Xu p 0<x<I|
Xd
probability to ﬁnd a “parton” i of momentum x p
parton distribution function fi(xi)
p p collision = sum of parton-parton collision

U—/ dazl/ dzsfi(x1)fi(x2)o(ij — X)

but if you look closely (high Q?), partons split further
D(31|LAP equation

= / de' f;(x"YP(j — i+ X)

Seeq, df;(x)
102




Potential Energy (Mev)

Let us look at the nucleon-nucleon
interaction:

. R The Cold High Dense Nuclear Matter

Internal momentum > 250 MeV/c

Deuteron is
weakly bound

Large radius
di-neutron and

di-proton
unbound 1




DEUTERON STATIC PROPERTIES FROM
NN-POTENTIALS

Tabmima 1: Crarmieckie cpoficrsa AeHTpoma

Ep(MeV) | Pp(%) | <vt > (fm) | Q(fm?) | 9= i—g v | pp(nm)
Exp. | 2.224579(9) - L9560(68) | 0.2859(3) | 0.0271(4) | 0.0776(9) | 0.857406(1)
MU 20 6.78 LI6IT | 0.2860 |  0.027L | 0.07745 0.843
Paris 2200 | BT L9716 | 02789 | 0.0261 | 0.078 0.853
RHC 226 | 6.50 L9602 | 02070 | 0.0259 | 0.0757 0.840
RSC 200 047 L9569 | 0.2796 | 0.0262 | 0.0757 0.843
Bonn 2226 | 498 L&6 | 0.2856 | 0.0267 - -

Table 1: Deuteron properties in the dressed bag model.

Model E;(MeV) | Pp(%) | ry(fm) | Qa(fim?) | g (pen) | As(fm™/2) | n(D/S)

RSC 2.22461 | 647 | 1.957 | 0.2796 | 0.8429 0.8776 0.0262
Moscow 99 | 2.22452 | 552 | 1.966 | 0.2722 | 0.8483 0.8844 0.0255
Bonn 2001 | 2.224575 | 4.85 | 1.966 | 0270 | 0.8521 0.8846 0.0256

DBM (1) | 2.22454 | 522 | 1.9715 | 0.2754 | 0.8548 0.8864 0.0259
P = 3.66%
DBM (2) | 222459 | 531 | 1.970 | 0.2768 | 0.8538 0.8866 0.0263

Py =2.5%
experiment | 2.224575 1971 | 0.2859 | 0.8574 0.8846 0.0263




“SPIN PROBLEMS” and NN-interaction

13
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pp -> pp (90%

C.W. Akerlof et al., Phys.Rev., vol.159, N5, 1138-1149, 1967
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10°; . \
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101 ‘e
POV
pdb 4 P g
Tl 'TA b i

R = Z(PP = PP) g

i c.m.)
a(pp— pp)

pr ~ 2 6eV/c region

C. Baglin et al., Phys.Lett. B, vol.225, N3, 296-300, 1989

do/dt [ub/(GeV/c)’]

Cross-sections ot 90 degrees

Kammerud et al. (pp) ~
This experiment

Katz et al.

Czyzewski et al.

Eide et al.

Buran et al,

102

|r 0 O

20
s (GeV?)

Fig. 3. The pp and pp elastic differential cross sections at 90° CM
as function of the square of the CM energy, s. Open circles are pp
data from ref. [6]. These data fit well to the drawn curve propor-
tional to s ~*, The remaining points are pp data. Shaded from this
experiment. Otherwise from ref. [7] (open square), ref. [8]
(open triangle) ref, [9] (shaded triangle) and ref. [10] (shaded
square ). The lower curve is an 5 ~" fit to four data points of this
experiment, neglecting systematic errors. One obtains
n=12.310.2, but evidenily the data do not seem to follow this
kind of a power law.



2-SPIN PROTON-PROTON ELASTIC CROSS SECTIONS

12 GeV 2GS
\ I i T Y T T T T I
1977-1 978 [ p‘+p‘-—p+p ]
L 11.75 GeVic f
SPINS PARALLEL 4X SPINS ANTIPARALLEL 102L
; s do/dt(d4) 2GS 3
TOTALLY UNEXPECTED o dordt(AY) ]
Y \ » {do7dt> deKerret et cl2 ISR k-
Questions by Profs. Weisskopf & Bethe: ~ 10F i s=2800(GeV! 3
- 7R \‘0\
High P; or 90_, Identical Particles? E A
Tl _
2% t
i 1
35 L\
101t 3 \ 4
L ‘\‘(\
) \
10 = i\
’MP}, E
i\i
1034 4
| L | L | \ | " |
1 2 3 4 5

Scaled B’ 2= p2P 051/ 38 3[(GeV/cl’]



C)-parallel

Answer to Questions by Profs. Weisskopf & Bethe
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VOLUME 43, NUMBER 14 PHYSICAL REVIEW LETTERS 1 OCTOBER 1979

Spin-Spin Forces in 6-GeV/c Neutron-Proton Elastic Scattering

D. G. Crabb, P, H, Hansen, A, D. Krisch, T, Shima, and K, M, Terwilliger
Randall Labovatovy of Physics, The Univevsity of Michigan, Ann Avbor, Michigan 48109

and

R e

i ;og“f This large negative A,, for n-p elastic scatter-
| e § - ing is quite unexpected. No theoretical models

i i-\ f { g 1 predicted this effect, although a very recent con-
ol %; _7 stituent-interchange model* predicts A,, = — 44%.

Al J This may support the suggestion that large spin

i « wo-eve | @ffects are related to the composite nature of the
-1 N e { nucleon.'®** An earlier Regge-model prediction't

[ % 1 is inconsistent with our data. It seems somewhat
-2- - surprising that A,, is so large at a P, 2 of only 1

' 1 (GeV/c).

' 1142' T : 2G, R. Farrar, S. Gottlieb, D. Sivers, and G. H.
P ficeve)? Thomas, Phys. Rev. D 20, 202 (1979).

FIG. 2. The spin-spin correlation parameter, 4,,,
for pure—initial-spin-state nucleon-nucleon elastic
scattering at 6 GeV/c is plotted against the square of
the transverse momentum. The proton-proton and
neutron-proton data are quite different.
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AGS 1985-1990 A, I
PERTURBATIVE QCD — 58 GV AGS |
A.=0atHIGH P,2and HIGH ENERGY 3| ®24 GeV AGS -

An 0> =
PROBLEM with PQCD?
JF
A | H
NO MODEL can EXPLAIN ALL . ;ﬁ | Tf' ,
HIGH-P 2 SPIN EFFECTS (An & Am) O ~"?‘
GOAL W 7
MEASURE A, (and An)
up to P,2=12 (GeV/c) -2 .




INCLUSIVE HYPERON POLARIZATION

Devlin, Pondrum, Bunce, Heller et al. 1976-80 PJ_ (GeV/C)
Fermilab 400 GeV p+p -> Lambda ---- O < |2 : ? : ? ' '8 . 1"0 , 1'12 g 1-I4 &
Plot by Heller ~1980 g
on SSa— 400 GeV
with KEK & ISR data - Ferpilab
-1 \\é i 0/42‘4
TNy
P o~ 15-20 0/0 _‘2- ‘----9{—
p +Be=A+X
QCD saysP~0 12 Gev KEK X~ 5
..3,_
O&Llr l]1lr1r]ﬁ—rﬁ
\“
e
-
-1k 400 Gevf{\i
-
=2 2000 GeV Isg X~.4




INCLUSIVE PION PRODUCTION

200 GeV Polarized Proton Beam
from Polarized Hyperon Decay
1990s Fermilab E-704

Yokosawa et al.
Phys Lett B264, 462 (1991)

A~ 40% <
QCD said A~ 0
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INCLUSIVE PION ASYMMETRY IN PROTON-PROTON COLLISIONS
C. Aidala SPIN 2008 Proceeding and CERN Courier June 2009
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DIQUARK
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Volume 8, number 3

PHYSICS LETTERS

1 February 1964

Multiquark states have been discussed since the 15' page of the quark model

A SCHEMATIC MODEL OF BARYONS AND MESONS

M. GELL-MANN
California Institute of Technology, Pasadena, California

Received 4 January 1964

If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken '‘eightfold way" 1- , we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical "bootstrap" model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone 4). Of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means

*

ber ny - ni would be zero for all known baryons and
mesons. The most interesting example of such a
model is one in which the triplet has spin 3 and

z = -1, so that the four particles d-, s~, u® and b°
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, z = -3, and baryon number 3.
We then refer to the members u3, d-3, and s~3 of
the triplet as ""quarks" 6) q and the members of the
anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations
(gggh- (%g qqd), etc., while mesons are made out
of (qa), (qaqq), etc. It is assuming that the lowest
baryon configuration (qqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (qq) similarly gives
just 1 and 8.

26



that it would never have been detected. A search
for stable quarks of charge -3 or +# and/or stable
di-quarks of charge - or +% or +% at the highest
energy accelerators would help to reassure us of
Reviews of Modern Physics, Vol. 65, No. 4, October 1993 the non-existence of real quarks.

Diquarks

Mauro Anselmino and Enrico Predazzi

Dipartimento di Fisica Teorica, Universita di Torino and Istituto Nazionale di Fisica Nuc/
Sezione di Torino, I-10125 Torino, ltaly

Svante Ekelin
Department of Mathematics, Royal Institute of Technology, S-100 44 Stock

Sverker Fredriksson

Department of Physics, Luled University of Technology, S-97187 Ldled, Sweden

D. B. Lichtenberg
Department of Physics, Indiana University, Bloomington/indiana 47405

Among the useful phenomenological ideas is thg/no-
tion of a diquark. Gell-Mann (1964) first mentioned the
possibility of diquarks in his original paper on quarks. Aside from questions of principle, laitice calculations
Later, Ida and Kobayashi (1966) and Lichtenberg and  suffer because an enormous amount of computer time is
Tassie (1967) introduced diquarks in order to describe a  necessary to achieve very modest results. Thus, at

Jaryon as a composite state of two particles, a quark and.  present, calculations with lattice gange theory are not a

diquark. Around the same time, states having some or  satisfactory substitute for calculations with phenomeno-
all of the quantum numbers of diquarks were introduced  ]ogical models.

in certain group-theoretical schemes by Bose (1966), Bose
and Sudarshan (1967), and Miyazawa (1966, 1968).




SAEPHAS @H3HKA, 2011, mom 74, Ne 3, c. 438—446

JJIEMEHTAPHbBIE YACTULbI U T10OJIA

QUARK—-DIQUARK SYSTEMATICS OF BARYONS:
SPECTRAL INTEGRAL EQUATIONS FOR SYSTEMS COMPOSED
BY LIGHT QUARKS

© 2011 A. V. Anisovich, V. V. Anisovich’,
M. A. Matveev, V. A. Nikonov, A. V. Sarantsev, T. O. Vulis

Petersburg Nuclear Physics Institute, Russian Academy of Sciences, Galchina
Received May 7, 2010; in final form, August 30, 2010



How Often Do Diquarks Form? A Very Simple Model

Richard F. Lebed”
Department of Physics, Arizona State University, Tempe, Arizona 85287-1504, USA
(Dated: June, 2016)

Starting from a textbook result, the nearest-neighbor distribution of particles in an ideal gas, we
develop estimates for the probability with which quarks ¢ in a mixed g, § gas are more strongly
attracted to the nearest g, potentially forming a diquark, than to the nearest §. Generic probabilities

lie in the range of tens of percent, with values in the several percent range even under extreme
assumptions favoring gq over gq attraction.

We have seen that the large relative size of the
short-distance attraction between quarks in the color-
antitriplet channel compared to the attraction between a
quark and an antiguark in the color-singlet channel leads
inexorably to a given quark being initially attracted to
a quark rather than an antiquark a sizeable fraction of
the time. We interpret this initial attraction as the seed
event in the formation of a compact diquark gq rather
than a color-singlet gg pair.

29



DIQURK DYNAMIC
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Kim V.T,. E2~-87-75
Diquarks as a Source of Large-P, Baryons
in Hard Nucleon Collisions

The production of nucleons, symmetric nucleon pkirs,
and A®-hyperons with large p, 1in pp-collisions 1s discus-
sed in the framework of a dominatiing scalar (ud)-diquark
nucleon model, The necessity of making allowance for hig- |
her twists-diguarks for explaining strong scaling breaking
in p/n* ratio is shown. The approximate equation A/p~k*/w*
is predicted in this model.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR. '

Preprint of the Joint Institute for Nuclear Research. Dubna 1987




D|quarks pp -> p+X, pp -> pp+X V.T. Kim (1987)

10—ty ’
(RePhr O gdddegg | R"B’E* e
i: 1 0-50"1,41-4401:" b) .9“.-:45
| az5f )
s: 020} j
0.05 | )
ator N

0.05- 1’-........?\.-..1. -
N Cy—— -
0z 6§ 05 ag ¥ pu(Ge%)
Fig. 1. R = P/n‘" -ratio in pp-collisions.n) &LH= 900: ® — FNAL
dataf/16/ at {S= 7234 Gev (E;, = 300 GeV); A , A — IHEP
(Serpukhov) data/19,20/ at Vs = 11.5 GeV (£ = 70 GeV).

a
b) Jem= 45°: @ — ISK CERN deta/18/ at VS = 62 GeV
(B, & 1900 GeV).

0.4

The result of calcuations of pp --PP')( processesf29/ (ayn-
metric -proton-peir production) eccording to the formula in work /30 [
for the double inclusive cross section, which in general must ve ap-
plied carefully/31/ , is shown in Fig.2. The main contribdution to
the cross section of production of proton pairg with transverse wo-
menta opposite and equal in values dis gliven by dicjuark:-diqua.rk gcat-

“tering.
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arXiv:1007.4705v5 [hep-ph] 25 Sep 2010
&Phys.Rev. €83 (2011) 054606
Carlos 6ranados and Misak Sargsian

== 5U(6), p=1
= THquarl, p=0

0.8

SIS

35 ';u}
s(GeV")

R(pn/pp)

=
thr
==
=
t
th
)
=

FIG. 2: (Color online) Ratio of the pn — pn to pp — pp elastic differential cross sections as a
function of s at ¥ = 90V,

C.11.
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EXOTICS
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Ya.l.Azimov, PNPI Winter School 2013

Status of the pentaquark problem

o 15 relatively certain theoretical suggestion
of mass and width
Diakonov, Petrov, Polyakov, Z.Phys., A359 (1997) 305.
* Experiment : about ten papers with positive evidences;

about ten papers with negative results

(some of them with higher statistics ).
* Common opinion and PDG position
(since edition of 2008) :
Pentaquark is dead !
(Note, at the same time, great enthusiasm

in searches for tetraquarks ! )



multiquark states from diquarks & diantiquarks

red-blue diquark green-red diquark blue-green diquark
magenta (anti-green) vellow (anti-blue) cyan (anti-red)
anti-triplet anti-triplet anti-triplet
-dibaryon -
entaquark dibaryo tetraquark
meson
magenta- = magenta- - green-magenta (anti-green)
color singlet 5-q state color singlet 6-q state color singlet 4-q state
“exotic” hadrons that particle theorists love 36

Stephenlars Olsen, ISHEPP XXIl, 18.09.2014



Way to resolve these problems
MPI and Exclusive reaction



NN Elastic scattering with
polarized deuteron beams :

pT+pTo p+p

pT+nT— p+n
nT+nT—n+n

_/

for calibration

= New datal

By the way we will have the
counting rules verification!

pd, nd and dd - too!
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Exclusive NN study at x ~ 1

NT+N T— BB+MM
B (p, A.), M(x K, ..)

Mechanisms of hyperons polarization

N T N T_) NN The counting rules and isotopic symmetry
studies, pr ~ 2 GeV/c anomaly

Detail vertexes studies
and spin structure of
the interaction vertex:

N TN T— BB+ 2z (KK) T,
N T N T—) AA q+(qq) — (quark —diquark)

(q9) +(qq) — (diquark —diquark)

39



High p; exclusive reactions -> MPI

pT+p T—>B+B+JVIH [ N(z*77) 2  Without
R= N (z°7°) -7 diquark

0. 0( +. _—\-
plHpl—=p+p+mm (7 77)], Nar)

- = NG —0  diquark

diquark O O diquark

Aﬂ (op) () Diquark (5=0)
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Exotic states production

pp - reactions with tetraquarks
production
d-bar
d d-bar Diquark proof
d
g-bar ¢
q d-bar
d g-bar
I Exotic states production
d d-bar

Kim's-bar mechanisms

41



nd

00 O

Exotic states production

- reaction with tetraquarks
+pentaquark production

d+d-bar

I g-bar

d-bar

g-bar+d+d
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pp - reactions with diquarks and

TeTPaKBapku

Q- 449

ar

f :

q ddq

Kim's mechanisms
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pp - reactions with pentaquarks production

and ..
d
—
d e ¢ AK - interaction
q q
’\
d
q
q q
q d
d q
- Exotic states production
d
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The Counting Rules



In 1973 were published two artiles :

Matveev V.A., Muradyan R.M., Tavkhelidze A.N. Lett. Nuovo Cimento 7,719
(1973);

Brodsky S., Farrar 6. Phys. Rev. Lett. 31,1153 (1973)

Predictions that for momentum p, . 2 5 GeV/c in any binary

large-angle scattering (0, > 40°) reaction at large momentum
transfers Q =v-t

A+B->C+D

d_G - S—(nA+nB+nC +nD—2)f (E)
dt aA+B->C+D S

where n,,n,,n, and n; the amounts of elementary constituents 1in
A,B,C and D.

s= (p,+Pg) 2 and t=(p,-P.) %/
L. do o
dt pp—pp and dt zp—szp
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a+b—=c+d

p+p=p+p
p+p=>d+n
d+d=d+d

d+d="He +n

d+d=1t+p

10

12

22

22

22

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

(p+g+ri/2 (p+ri/2 (p+a+r)/2 (p*rr)/e
{p+q4r}/2§ (p+rl/2  (p+g+r)/2 (p=+ry/2
p/3 2'[!34“1),"3 p/3 e+Q)/3
p/3 s (+a)/3  p/3 3 (Prq)/3
p/3 (P+4)/3 p/3 (P+q)/3
(a) (b)
c e
e €
+
p/2 (p+q)/2 p/2 (p+q)/2
$
p/2 (p+a)/2 p/e (p+a)/2
(c)
3 g _3 o
™ 333 &
i ] L
{d) (e)

FIG. 1, Typical Born diagrams for large-momentum-
transfer elastic scattering in the quark picture. (a) mp
—7p (quark scattering), (b) mp — mp (quark interchange),
(c) emr—em, (d) an irreducible loop diagram, (e) a re-
ducible loop diagram.



PHYSICAL REVIEW D VOLUME 10, NUMBER 9 1 NOVEMBER 1974

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
7 (A+B=C+X)=~ ()" f . which contribute to each inclusive cross section at € ~ 0. The basic subprocesses expected in
d?p s 's .
5y 8 the CIM, and the resulting form of the inclusive cross section Edo/d ~ (p,2)~Vef forp, t~w,
and € —~ 0, and fixed O.m. are given in the last columns. The subprocesses that have the dominant
da o ! ?p, dependence at fixed € are underlined. For some particular final-state quantum numbers,
@ (A+B=C+D)—(p?) f (E) the above powers of € should be increased.
Inclusive Exclusive-limit do @~ 90°)
process channel Subprocesses dp/E
The entire kinematic range of high-energy in- . 2t 3
clusive reactions is illustrated on the Peyrou plot M+B—M+X  M+B—=M+B* (n=10) f:"-'_;!::ﬂ}M_tz g:l?))—ﬁel
N . q +B —M +qq 1A%
of Fig. 1. As usual we define MAB —M+B * (b, 01
— 2 — 2
s =(pa+ps), t=(ba-Pc), B+B—B+X B +B—B-+B* (n=12) B +q —B+q (L2
u=(pp =pcY, W*=(pa+ps-pof, {9q) *(aq) > B 1q (a7
B +(qq) =B +qq (B, 58!
and B +B —B +B* (P, )10t
€=M2/s =(1=D.mn./Prax) » B +B =B +B*+M* (n=14) g +q—~B +7 (p, %
q +(qq) —~B +M* L% %P
X :pi"/pmax, xL:pL/Pmax-{r_u)/s' (qq) +B —B +M’k+qq (pl_z)"lﬂe'l
B +B —B +B*+M* P
B+B—M+X B +B—~M+B*+B* (n=14) g+ (gq)—~M+B * 0.9 %
q+B—q(+~M+q)+B*  (p ?) %"
q+B —+~M+q +B * (pL 283
(qq) +B — M +B * +qq B!
B +B—~M+B*+B* (LY 1%
B +B—~M+M*+B*+B* (n=16) M+q —M+q (P 97%?
qg+tg—=q(—M+g)+B*  (p,H~%?
q+g—=M+B*+q (L)%’
M +B —M +B * (P17 8d
B +B ~-M+M*+M*+B*+B* (n=18) q +g —~M+M* Py~
q Mg (=M itq) tM*  (p,H %M
B +B —+EB +X B +B—+B+B*+B*+B* (n=18) q +qg ~B*+g(—B +qq) (p, Yl

q +q —~B*+B +qq P38t
q+(aq)—~B +B*+B* (pL2)"10%5
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RECENT DEVELOPMENTS IN THE THEORY OF
LARGE TRANSVERSE MOMENTUM PROCESSES*

TABLE I
Sealing Predictions for E do-/dsp =C p,}n(l-xT)F

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

n//F ' n//F
+ +
pp—T1X qM — qm 8//9 8.5//8.8
T M — gqr 8//9 8.9//9.7
k' oM — K 8//9 8.4//8.8
gM — gK~ 8//13 8.9//11.7
K~ .
qq — KK 8//11
- pp — pX a@q) — Mp 12//5 11.7//6.8
gB — gp 12//7
pp — pX qq — Bp 12//11 8.8//14.2
qM—qM 8//15
mp —7X @@a—Mr O 8//5
gM —qT 8//7
a(qq) — B 12//3

mq — g 8//3
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Figure 5: Comparison of photoproduction data with the dimensional counting power-
law prediction. The data are summarized in Anderson et al.[70]
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PHYSICAL REVIEW D

TABLE 1. Measured reactions presented in this paper.
The reactions are written as (beam + target) — (spectrome-
ter particle + side particle). Reactions 1, 2, 3, 17, and 18 were
measured with either final-state particle in the spectrometer.

Meson-baryon reactions

1 ﬂ'*;p —rpa'+
2 nTp—+pr
3 K*p -+ pK*
4 K p—pK~
5 ntp = ppt
6 mTp—pp”
7 K*p— pK*t
8 K p—opK*™
9 K p—rrt
10 K p—ontD~
11 K™p— An°
12 a~p—+ AK®
13 atp 5 ntAt
14 " p—=+n-At
15 TpawtA”
16 K*tp— KAt

Baryon-baryon reactions
17 PP — PP
18 p — pp
19 pp—ata”

20 gp— KYK~

VOLUME 49, NUMBER 1

Comparison of 20 exclusive reactions at large ¢

1 JANUARY 1994

TABLE V. The scaling between E755 and E838 has been measured for eight meson-baryon an
2 baryon-baryon interactions at 8. ,, = 90°. The nominal beam momentum was 5.9 GeV fcand 9.
GeV/c for E838 and E755, respectively. There is also an overall systematic error of Angy, = +0.

from systematic errors of +13% for E838 and +9% for E755.

‘ Cross section n-2
No. Interaction E838 E755 “’T‘: ~1 /s"*z
1 ntp = prt 132+ 10 46£0.3 6.7+0.2
2 TmTTp—pn” 73+5 1.74+0.2 75+0.3
3 K*p s pK* 219 + 30 34+14 8.31%%
4 K~ p—pK-~ 18+ 6 0.9+0.9 >3.9
5 7tp = ppt 214 £ 30 3.4+0.7 8.3+0.5
6 Tp—=pp 99 +13 1.3+06 8.7+ 1.0
13 atp s atAt 45+ 10 2.0+0.6 6.2+0.8
15 mp—oatA” 24+5 <0.12 >10.1
17 pp—pp 3300 + 40 4845 9.1+0.2
18 PP — DD 75+8 <21 >7.5

T ] T el
0 - do/dt(80%) at 5.9 GeV/c !
103

© - da/dt(30% ar 9.9 GeV/c
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:
=

T

=
]
T
=]
El

v/e)?)

e

da/dt(90° [nb/(
e
=¥
o "
>
"

|
1 2 3 4 5 8131517 18

Reaction

FIG. 26. The scaling between E755 and E838 has been
calculated for eight meson-baryon and 2 baryon-baryon inter-
actions at fc... = 90°. The beam momentum for E838 was
5.9 GeV/c, corresponding to s = 11.9 GeV? for meson-baryon
reactions and s = 12.9 GeV? for baryon-baryon reactions. For
the 9.9 GeV/c momentum of E755, the corresponding values
of s are 19.6 and 20.5 GeV?.
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The way the differential large angle 2 — 2 particle scattering cross sections should scale with
energy (momentum transfer) was envisaged by the so-called “quark counting rules” [26].

do  f(O) t
— == — = const,
dt — sK-2° s '
with K the number of elementary fields (quarks. photons. leptons, etc.) among / inside the initial and

final particles.

For example, in the case of the deuteron break-up by a photon, v + D — p + n, we have K =
1 +6+ 6 = 13 (a photon and 6 quarks inside the initial deuteron and another 6 in the final pmton and
neutron). So. the differential cross section is expected to fall with s. asymptotically. as s—' = E722,

C.1mn.

Eene @ (vd ~pn) / kb GeV™

2.0

® Jefferson
O, A SLAC
X Ref. 16

1.5
1.0

0.5

O
N
&N
N
o)

E-(GeV)

Fig. 1: Large angle v-disintegration of a deuteron [28].
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SETUP s4
D - diamond target
K1,K2Z - celh.'mators. L1,L2 — lense doublet
SM1,SM2 - sweeping magnets BM - bending magnet

PSM — pair spectromerer (PS - 30)

L2 - liquid deuterivm{hydrogen) target
T1,82 - converters

SF,BF,BE,SB - scinrillation counters of PSh4
31-34 - scintillation counters of VIS
H1,H2HSE - scintillation hedoscopes

L]

‘/ PSM

]

D Kl K2 C1
SM1 SM2

1 -18 — neutron counters of NS
% - vero counters of NS

MM - fast monitor

2 - quantorneter

Pb - lead shield

ROW 1-6 NS

FROM THE
FRONT

COLUMN 1-3

Fig. 2. Experimental Setup. In the frame, the neutron spectrometer NS-18 from the front.
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It is shown that the differential cross sections of the reactions dd — m®He and dd — p®*H measured at

c.m.s. scattering angle f.,;m = 607 in the interval of the deuteron beam energy 0.5—1.2 GeV demonstrate the
scaling behaviour, do /dt ~ s *?, which follows from constituent gquark counting rules. It is found also that the
differential cross section of the elastic dp — dp scattering at &.,, — 125—135% follows the scaling regime ~ s ©¢

at beam energies 0.5—5 GeV. These data are parameterized here using the Reggeon exchange.
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Fig.2. The differential cross section of the dd — n®*He and
dd — p°H reactions at 8., = 60° (a),(b) and dp — dp
at fe.pn = 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 22 (a) and s '® (c¢) 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?Z, R} = 0.2 GeV 2,
Cy = 35, RE = —0.1GeV~?; (d) — €, = T7.2GeV?, 59
R? = 05CGeV™ 2, Ca = 1.8, RZ = —0.1GeV %, The up-
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Deuteron structure
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np - puzzle of dilepton
production
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n + p bremsstrahlung

Promising candidate: neutron-proton bremsstrahlung

O Radiation of (virtual) photon in NN scattering
4 o, >> 0y,

U recent theoretical consideration by L.P. Kaptari
and B. Kampfer, NPA 764 (2006) 338, gives much
bigger cross section than previous calculations

O no definitive predictions, see also R. Shyam and
U. Mosel, PRC 67 (2003) 065202

Bottomline;

np-brem predicted to be very important process
In context of pair production at energies ~1 GeV/u

Need for experimental study

FATATATAY |
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Color Transparency
arXiv:1208.3668v1 [nucl-th] 17 Aug 2012
Gerald A. Miller

Physics Department, Univ. of Washington, Seattle, Wa. 98195-1560, USA

Abstract. Color transparency is the vanishing of nuclear initial or final state interactions involving
specific reactions. The reasons for believing that color transparency might be a natural consequence
of QCD are reviewed. The main impetus for this talk is recent experimental progress, and this is
reviewed briefly.

The basic idea is that some times a hadron is in a color-neutral point-like configu-
ration PLC. If such undergoes a coherent reaction, in which one sums gluon emission
amplitudes to calculate the scattering amplitude, the PLC does not interact with the sur-
rounding media. A PLC is not absorbed by the nucleus. The nucleus casts no shadow.

This is a kind of quantum mechanical invisibility.

Progress in Particle and Nuclear Physics 69 (2013) 1-27
Review

Color transparency: Past, present and future
D. Dutta®*, K. Hafidi®, M. Strikman ¢
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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 GeV/c,
corresponding to 4.8 <Q? <12.7 (GeV/c)’.

_ cé_c;(p+aapaa >p|p)

Z% (p+p—p+Dp)
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Energy Dependence of Nuclear Transparency in C(p.2p) Scattering
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The transparency of carbon for (p.2p) quasielastic events was measured at beam momenta rang-
ing from 5.9 1o 14.5 GeV /e at 90° c.m. The four-momentum transfer squared (@2) ranged from 4.7
to 12.7 (GeV/c). 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 /¢ 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 1998 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 a 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.



Kak BO3HUKAGET MUCTUKA B HAYUHBIX UCCIIeA0BAHUAX.

[Touemy «yacTtmua bora» ? aasumos

(NMUAD)

B Hauane 90-x JleaepmaH (NP1988) Hanucan

HaAY4YHO-MONYAAPHYK KHUTY 06 nsy4yeHnm matepumn

oT [lemoKpuTta Ao 603oHa Xurrca. OHa 6bin1a Ha3BaHa
«[MpoKknaTaa Yactmua»

(Goddamn Particle).

(Mmenocb B BUAY, YTO HECMOTPSA Ha BCe yCUAUA
6030H Xurrca ykn1oHaAca oT HabawaeHua.)

MSﬂ,aTeﬂb OTKA34aJICA BbIlNYCKATb KHUTY C TaKMUM Ha3BaHUNEM.
HUKTO HE KYITUT. I'Io,ﬂ,ymas, OH «KCOKPatTun/i» HasBaHUNE.

Godddamn Particle = God Particle.

C 3TM Ha3BaHUMEM KHUra sbiwia B 1993 r. m BbI3BAJ1a aXKMOTaXK,
KOTOPbIN NPOAO0/XKAETCA A0 CUX Nop.
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