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l1l. Theoretical background:
Why D-wave probability in jd > Is nonmeasurable?
NN-, 3N-, ::: -forces (models and ChEF Theory)

V. Constituent Counting Rules & B-B, M-B reactions

O -shell NN and 3NFs (the G-P theorem)
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V. CCRindd! *Hen,dd! 3Hp and pd! pd

VII. Concluding remarks
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____For what reason?

MOTIVATION
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’ Ry 0.5fm

gun ~/Rnn 0.4 GeVic

(),

jd>=jpn>+j > +]NN > +::+ jBgBg> +
o+ JNNNN >+
Transition region : hadrons =) q,9

How far can we go with nucleon-meson picture for (lightest)
nuclei in lepton- and hadron- interactions with increasing Q 2?

Properties of cold (g.s.) nuclear matter at 10 o,
neutron stars ()  theory of NN-, 3N-, ::: -forces
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___ed-scattering

ELECTRON-DEUTERON
ELASTIC SCATTERING
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___ed-scattering

«Q
*

S -

MEC dominate at Q%> 1 (GeV/c) ? d

(a) (b) () (d) (&)
Figure 1: MEC IS not an pure electromagnetic problem. This a prob-

lem of strong interaction!

The strenght of MEC depends on the model of the NN-ineractic
potential
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___Deuteron El-mag. form factros

romagnetic structure of the deuteron
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R.Gilman, F.Gross, J.Phys.G:28 (2002) R37
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___Deuteron El-mag. form factros

WHERE IS THE TRANSITION REGION ?

Some models for the deuteron formfactor with
relativistic e ects (or MEC) and realistic NN forces
are close to the data. None are entirely satisfactory.

The deuteron formfactor provide No evidence for
the onset of pQCD, but quark cluster models could

explain the data.
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_ Cumulative e ect

DEEP-INELASTIC
NUCLEAR REACTIONS
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_ Cumulative e ect
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Fig. 2. The energy dependence of the invariant function
for the neutrons escaping from lead (closed circles)-and
~ carbon (open circles)at an angie of 119° in the laboratory
frame under the action of protons with energy of 7.5 GeV,

p2%8ppl  nX, p2 C!' nX, f=C eXp('T/ TO)

G.A. Leksin, Yad. Fiz65 (2002) 2042
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___ Cumulative e ect

G.A. Leksin, Yad. Fiz65 (2002) 2042; f=C exp(-T/T o)

METHODS FOR INVESTIGATING NUCLEAR MATTER 1987
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Fig. 3. The coeficient C(Tp =125 MeV) in
the parametrization of the invariant function
f = Cexp(~T/To) in the reaction pA(C, Al Ti,
Cu, Cd, Pb) — pX for a proton escape angle of 120° in
the laboratory frame versus the incident-proton energy.
The filled circles refer to the initial energy of 400 GeV.

Fig. 5. Dependence of the slope parameter Tp for the in-
variant function of the protons escaping under the action
of p, ¥, K™, 7 with various energies Eo; the escape
angle is 120° in the laboratory frame.
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Fig. 6. The proton invariant functions normalized to the
number of nucleons in the target nucleus for various
nuclei (Li, Be, C, Al, Cu, Ta); the proton escape angle is
160°. The energy of the incident protons is 400 GeV.

Fig. 4. The invariant functions for protons per nucleon
that escape from the C (o, ¢) and Cu (1, m) targets under
the action of protons with energies of 400 (e, m) and
7.5 GeV (o, ), the escape angles are 160° and 162°,

respectively. ; . . . .
¥ _ particle with an isolated nucleon moving with a larg
’ nmmantim (1 (veV /r) in the flucton.

Yuriy Uzikov

Short-Range NNand search for transition region

Gomelj, 2007



_ Cumulative e ect

G.A. Leksin, Yad. Fiz65 (2002) 2042
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_ Cumulative e ¢

f, GeV mb sr! (GeV/c)~® nucleon™!
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Fig. 9.. Invariant functions of the protons, % mesons,
K= mesons, and antiprotons escaping from Cu at an
angle of 119° in the laboratory frame for initial energy of
10 GeV versus light-cone variable (E — py)/mn.

IYSICS OF ATOMIC-NUCLEI Vol.65 No.1l 2002

Yields depend on the see quark in the nal particJe DINR proceeds at the quarl
level (1)
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_ Cumulative e ect

Existing data on deep inelastic nuclear reactions
supports the hypothesis about dense uctuations

In nuclear matter ( uctons).
Are they drops of QGP? (G.Leksin, 2002)

=) One should study interactions of hadrons with the
lightest nuclei (°H, 3He, *He) in cumulative reagion.

What Is the role of pure NUCLEON DEGREES OF
FREEDOM?
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_ Cumulative e ect

ZEWg—g,(mb Geved) !
(/4

fZC I 120

P=84 QE—V P=84 Gev

—

T (GeV)

Fig. 1. (a) Calculations of the invariant pion production cross
section for '2C: I — for the free proton target; Il — with fermi
motion; Il — the relativization effect. (b) The contributions
of separate fluctuons with mass My = kmy where k is the

order of cumulativity.

V.V. Burov, V.K. Lukjyanov, A.l. Titov, PLB7 (1977) 46
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___ Cumulative e ect

henomena, short-range nuclear structure and QCD 309
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Fig. 8.2. Comparison of the FB nucleon yields from “He and D. The
experimental points from [13,20] illustrate precocious limiting
fragmentation for p+ *He— p + X reaction. Dot-dashed curve for “He
is the calculation in the two-nucleon correlation approximation which
uses as input n(k) from [82]. The shaded region is the calculation with
inclusion of three-nucleon correlations described in the text.

Short-range correlation model by L.Frankfur

and M.Strikman, Phys.Ref@6 (1981) 215
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___Cumulative e ect

A recent example:
*Hep-ineractions at 5 GeV/c ( T22® =620 MeV )with production
cumulative d, 3H, 3He in backward hemisphere.
A.B. Blinov, M.B. Chadeyeva, Yad. Fiz. 69 (2006) 1475.
p O——
N/.f\ X

:C>\

d ,<NN> N =) p+%He! N, d, 3H, 3He(backward) +X

SRC by Strikman-Franpkfurt + coalescence model
. — dP _ hN A :
SRC model: fp — Epd3—pp — ACSCI’ ( 1k ?).

In ) NN
. 2 2
NN-correlation:  (; k?)k: E(k) Dk,
_ — E(k)+k;.
o = pr. x = Bk

n(k) { single-nucleon density.
If pis nucleon momﬁntum In the <NN > = d rest frame:
x=( m+p* pg)x(Mg=2)
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Coalescence:

f=2ford f =3 for 3H,
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_ Cumulative e ect

d+ 12C! p(0 )+ X

F.d’c/d’p, mb GeV/(GeV/c)’

(0)
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pﬂab’ Ge\//C

Invariant cross section fod+12C ! p(0 ) X) at T4 =4:2 GeV () ( L.Anderson et al. Phys. Rev.
28 (1983) 1224 ancp+ d! p(180 )X at T, = 7:7 GeV (A.M. Baldin et al. (1972)) (squares) as
function of the momentum of the nal proton in the deuteron séframe. Curves show the results
calculation within the IA (RHD) thick full line {ford+'2C ! p(0 ) X),
dotted line {p+ d! p(180 )X.
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_ Cumulative e ect
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Ed=dp®andT,ind+¥2C! p(0) X, at pg =9:06 GeV/c ( V. Ableev, 1991)
versu rp { the LFD-momentumlA for the CD Bonn (full) and Paris (dashed)D
(thin) and RHD
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_ Cumulative e ect

The next:

Backward elastic scattering

p+ 3He ! 3He+p
pd! dp

and deuteron disintegration
pd!  (pp)stn
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__p°He 3Hep

p3He! SHep and NN(1Sy) in 3He
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__p°He 3Hep

High momentum component’le “H
D "He D *He p *He
Pl ) n
p n
? P 8he P *He g
a) b) C)

A.V. Lado, Yu.N. Uzikov. Phys.Lett, B279(1992)16
L.D. Blokhintsev, A.V. Lado, Yu.N. Uzikov.
Nucl.Phys. A597 (1996) 487

Yu.N. Uzikov, Nucl.Phys. A644 (1998) 321,
Phys.Rev C58( 1998) 36

With RSC NN-potential!
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ST-mechanism: RSC, CD Bonn

107:I | l‘....l T

p’He — *Hep
Ocm="180"

do/dQ (nb/sr)

10 ¢
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The main result: ST mechanism dominates. The
p*He! °Hep cross section at T, > 1 GeV \measures"
the high momentum components of ' %3(ops; py) at
3 0.6 GeV/c for the NN-pair in the !'Sp-state and
at low momentum of the spectator p 1=0-0.1 GeV/c

But Yu.N.U, J. Haidenbauer, Phys. Rev. C 68 (2003) 014001
And ST with CD Bonn NN-potential

p SHe D SHe P 3He
d ‘P (pn), S (PP), s op
\‘ \‘ \‘
*He P
a) b) C)
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~
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do/dQ (nb/sr)

g *He a) P
L p _3He p Je P ‘He
: \ d / P (pn), \\po M
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1,?|—P (1,r\8/|ev)2 He b) 0 ~ C) ~ d)
Figure 2. C.m.s. p°He! SHepat ., =180 versusT,. OPE with the deuteron
without distortions{ thin solid line (for = 1:3 GeV/c) and dashed line
( =0:65GeV/c). OPE with d+d + pp with = 1:3 GeV/c { dashed-dotted

(without distortions) and thick solid line (including dist ortions). Non-distorted
ST cross section with CD Bonn { the dotted line. Experimental data { SAT-
URNE.
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__pd-dp

BACKWARD PD-ELASTIC SCATTERING
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p D,N* 4
D

O;‘ o ‘04‘5‘ H‘ 1‘ — ‘1.%‘ o ‘é‘ o 25Tp7 Gev} p - djlp) %ﬁ,)
pd-dp, ONE+ +SS model, Paris NN
Yu.N.U. EPAN, 1998
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__ pd-pX, Ty in ed-ed

E A Strokovsky. Phys. Atom Mucl.

€2(1993) 1120
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___pd (pp)sn

THE DEUTERON BREAKUP
pd!  (pp)sn
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__pd (pp)sn
WHY pd ! (pp)sn AND NOT pd! dp ?

F Isospin of the diproton Is [=1.
At Epp,< 3MeV, (pp) is mainly in a 'S, state, as
compared to the deuteron
|:O, 381 3 Dl.

F - and N - excitations are suppressed by 1/3 In
amplitude due to Isospin invariance.

F t-matrix of pp(*Sy) scattering, t(q; k), has a node at
o -shell momentum q 0.4 GeV/c

O. Imambekov, Yu.N. Uzikov, Yad. Fig2 (1990) 862.
Yu.N. Uzikov, JETP Lett.75(2002) 5; J. Phys. 28(2002)B13.
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__pd (pp)sn

(Pp) d (pp)

ONE+ + SS Model
n p D,N* n
D

pj< ) JA\.( %:
d n
ONE

d
SS

d® _ 1 pn Kk }sz'M-'Z
dk2d , ~ (4 )Spis mZ+ K22 M)

kK { the relative momentum in pp-system

— 2
S=(Pp+ Pa)’,
Epp = k?=m { excitation energy

Integration in Eq.(1) over
Epp =0 3 MeV and ,=172 180 .

(1)

Yurly Uzikov Short-Range NNand search for transition region
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__pd (pp)sh

ONE

Within the relativistic Hamiltonian dynamics for the three- body
problem

M=) = 5
Ep
2 2 2 : Q : 2.
NG UP(@) + w2 jt(cf k)i 2)
q and ¢’ are the Lorentz-invariant relative momenta at the
vertices d! p+nandp+p! pplSy).
The half-o -shell t—matrié in the 1S, pp state
* Fo(at)
0 o

Fo(z) Is the regular Coulomb function,
() {the pp(*Sy) scattering w.f. for Vyn (r) + Ve(r)

t(qik)= 4 Van (r) ) (r)r@dr; (3)
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C)(r) | %[Fo(kr)ﬂan G o(kr)]:

DWBA ONE

DWBA with distorted waves in eikonal approximations ( Yu.N.U.

Phys. Atom Nucl. 60 (1997) 1603)

- amplitude

Z

1
M O drr? ¢ )(r)ﬁ a(r)

exp [2mr(m?+ %=4 M?+iM 1=( :p)
Increases with increasing (r) at r< 1fm.

SS amplitude

Is small, but is important in the region of the ONE dip.

Yurly Uzikov Short-Range NNand search for transition region
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___pd (pp)sn

10 L ptd = (pp)+n -
i E,=1.14 MeV ]

do/d p,d0,dQ, (mb/GeV/c sr?)

| | | | |
0.5 1 1.5 2 2.5 3

To (GeV)

Figure 3:pd!  (pp)sh
within ONE+ +SS:RSC (black line), Paris (blue), CdBonn (red)
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___pd (pp)sn

do /dQ, (ub/sr)

P I I T R W AN T T SO N (TR NN SO S AN TR N N S NN TR S T
0.5 1 1.5 2 2.5 3

T, (GeV)

Figure 4:pd!  dp and pd  (pp)sn

within ONE+ +SS:RSC (dasded-dotted), Paris (dashed), CdBonn (full).
COSY data from V.Komarov et.al. Plys. Lett. B553 (2003) 179.
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—_pd (pp)sn
— L s e L s B S B LB B
& q (GeVic)
~ T T T T T -g 0.3 0.4 0.5 0.6 0.65 1
{ ~10L | | | | | 1
0 E
3 5 g -
o kE b p+d = (pp)+n i =)
$°F 3T
B ° p+d —(pp)+n
15— \ ‘ .
1k - o !
\ \
v \\‘
10tk J
10"k \ =
ONE
e
10_2__ — 10_2_ E
F | . T R S A B W E A S
Y 0.5 1 1.5 2 2.5 3
T, (Gev) T, (GeV)

ONE+ +SS calculation (J.Haidenbauer, Yu.Uzikov, Phys.Lett. B562(2003)227
When changing hard Vyn (RSC, Paris) to the soft Vyn (CD Bonn), ONE
decreasesand -increases providing agreement with the COSY data
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—_pd (pp)sn
Y.N.U., J.Haidenbauer, C.Wilkin, Phys.Reév¥5 (2007) 014008

{ 107 -
¥e)
2
o
O B
} 10 = p+d — (pp)+n E
o B : ]
O 4 =
10k -
| | p p p
10°E | pp(1S0) - el pp(1S0)
E F ] Y ,
L H ,"_:' b o ¥
I ". -'. ) N \‘ p P \\ P
L | \
“073 Il Il Il Il ‘ Il Il 'i-ult\ ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il *
0.5 1 1.5 2 2.5 3 p N r n
T, (GeV) a) b)

Figure 5:pd!  (pp)sh

DWBA ONE (CdBonn) dasded-dotted) , ONE (dashed), ONE+OPE (full
thin) ,OPE (thick)
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T (GeV) pd! dpandpd!f ppgn.
The lines give the invariant cross sectiorfas const s 29
Again similarity!
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___tyo In ed-ed: IA with Paris and CD Bonn

05 |

0.25 |

-0.25 |

Too INn ed-ed. IA with CD Bonn is not su cient:
MEC for CD Bonn 6 MEC for Paris!
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___Theoretical background

Are di erent realistic models of NN interaction equivalent o ne
which other?

Commonly accepted point of view (see, Arenhevel et al.:

measuring quantities involving the inner part of some sysigch as electromagneti
form factors of the deuteron would allow one to discrimirisgeveen

phenomenological models of the NN interaction (see, fanplkeg W. Leideman,
K.M. Schmitt and H. Arenhevel, Phys. Re42 (1990) 826).

ChEFT people criticise NOW this point of view.
J.L.Friar (1979); B. Desplanques and A. Amghar (1992)
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___Theoretical background

Are di erent realistic NN-models really di erent?

Yurly Uzikov Short-Range NNand search for transition region Gomel], 2007



___Theoretical background

WHY the D-wave PROBABILITY in jd > is NON-OBSERVABLE

/P OPEP

J.L. Friar, PRC20 (1979) 325; PRG0(2000) 034002.N N,
RelativisticOPEP

PS coupling Lps(X)= g{ (x) > (X) (x) CD Bonn

PV coupling Lpy (X)= -— (x) ° @ (x) ChEFT

m
PS and PV are equivalent on-shief = M2 due to

i@ M)(x)=0
9

T
m  2M

Yurly Uzikov Short-Range NNand search for transition region Gomel], 2007



/
<NJN > py=) d4Xf( X) {25( X)?@{Z(Xg =
7 u dv
= d*x (X)F@( X){z > ( x?:
du

@in @((x) >(x)=
=@(x) 2(N)+ (x) *@(x)=

(4)

ji@(x) = M i @(x)=M(x) °>= 2 j=
=2iM I( x){z5(x;: (5)

PS

008 £ 137

.

Yuriy Uzikov
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Z 4

Ps= u(r)?dr; (6)
ZO1
Pp = w(r)4dr: (7)
0
PS + PD — 11

DWF for PS and PV OPEP have diernt Pp (=3.5-6.5%), but
ps= U py

U { unitary transformation.
Pp 1S non-invariant under U-transformation: non-observable.

In contrastto Q, <r?>, p, "p.
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But Q Is an observable

T P
Q= — relu(r)w(r) w?(r)= 8]dr
50 o
an extra r?,
Relativistic OPEP PS and PV are equivalent on-shell, but the y
di er o -shell. No unigue description for the o -shell behav iour
of the Vopep

"... Many diferent NN-potentials are correct (to some order ), but have
di erent forms. Nevertheless, these di erent forms lead to  equivalent

obervables."
J.L. Friar, PRC 60 034002

\..There is an unitary transformation between the Boon (@g&Paris models of the
NN-interaction (in the part related to the and  exchange only)".
B. Desplanques, A. Amghar, Z. Phys. A 344 (1992) 191.
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___Are di erent realistic NN models equivalent one which dther

OPEP for the Paris NN potential

S
M M

V = QZNN
Ep E,

withq = p, pl= (pb p) andEp="' M2+ 2
ExpandingV up to fourth order inp=M, one gets

—u(p}) su(ph) u(ps) su(ph)

m2_|_ q2

n
5 1 2 1 92 (

V = 9 NN m?2 + q2 4|\/||2

1 02 (Q Er]; |\/|+E|io M .
AM 2 2M 2M

¢ v 192 (+pH+ 2 g1 (p'+ph
+(EIO EIO) 16M 3

| {Z }
ve

(8)

9)
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V¢ vanishes on Shﬁ”an be written as the commutator:
02
Ve= —;
M
V¢ is removed fromH © which is de ned as
HO= B2+ VO + V, (N+ + V ,Vo=V Ve
Unitary transformation:

H = pm2+ V (N+Va(r+ =exp(iUgH%xp( iUg); (11)

iU, :(10)

The relationship between the wave functions:

r)=exp( iUg) (r): (12)
< 969 %>=< 6] >
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Resume: To make a relevant comparison of predictions made from timeskels (i.e.
Bonn-Q and Paris) one has to include corrections to the Pddgpotential. These
corrections make the Paris potential e ectively softer at s hort distances

r< 0:8 fm. After that the predictions for observables within these madels
become signi cantly closer.

R.J. Furnstahl, H.-W. Hammer,PLB 531( 2002) 203:
Momentum distribution of nucleons iIs non-measurable.

The unitary transformation between the Paris and Bonn-Q mod els does not
change NN-observables. However, a such transformation gen erates 3-, 4-
body forces. Therefore, for many body system these models are

not unitarily equivalent _ _
until the many-body forces is not icluded properly.
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__ NN- and 3N-forces

NN- and 3N-FORCES
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0O -shell NN and 3NFs

Three-body forces and on-shell equivalent two-body intera ctions. Theorem Let
Hij = H; + Hj + Vij and Hij = H; + Hj + Vij (13)

be two-body Hamiltonians witthe same binding energies and
scattering matrices for paof particlesi andj. Assume that the
two-body Hamiltonians are asymptotically complete andl tineitary
transforamtions relating these two-body hamiltonianscivimecessaril
exist, have bounded Cayley transforniben there exists a three-bod
Interaction,W, such that three-body Hamiltonians

H=Hi+ Hy+ Hz+ Vio+ Voz+ Vg (14)

and
H= H+ W (15)

with
H=H;+ Hy+ Hz+ Vio+ Voz+ V3 (16)

have the same binding energies and scattering matrix
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Corollary. Under the assumptions of the theordin V(123 IS @

three-
three-

nody Interaction then there exists another
pody Interaction Vj23 such that

I_

and

= Hy+ Ho+ Ha+ Vo + Voz+ V31 + Vig23 (17)

H=H;+ Hy+ Hz+ Vio+ Voz+ Va1 + V123 (18)
have the same binding energies and scattering matrix.

Yuriy Uzikov
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___Conseguences of the theorem

? Di erent o -shell extensions of two-body forces can be
equivalently realized as three-body Iinteractions

? 3NFs cannot be determined in a manner that is independent
of two-body-interactions

? There Is naunique(in o -shell region) two-body interaction, and

likewise for a given two-body interaction, there isumo uethree- -body
Interaction.
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___De nitions for o -shell potential

In the pionless CHEFT

Lenerr = Co o ' _
1 h N |
5Ca T r2T + Tr2 2r T v  +hec +; (19)

For an s-wave potential in ChEFT:

2 @ 2 P\ 2 2 @\ 2
< KVerrjk >= Co+ ot +2k )+ e, +4k S et )
| {z } |_{z4

On shell shell
(20)

Note: This de nition does not coincide with that used in a
formalism of the Lippman-Schwinger equation

< k§T(E)jk >=< k§Vijk > + < k§V Go(E) T(E)jk >;

(21)
WhereGo(E) — (E Ho) 1
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_ NN-forces

NN-potentia{M.Taketani, Prog.Theor.Phys. Supp. (1956) 1)

F 3 H H
[ 00 TS | 1
|1 : '
| 1 2 3
E 1 » Tl
‘é. |
- 1
z | +...E...+
Vo N
: \'\ ona-pion
‘ : * """""" exchange
short ) ' A .
distance . R TTTTTL
1 \ T
X ! N N
N N -

Fig. 1. Hierarchy of scales governing the nucleon-nucleon potential (adapted from Taketani®).

-1 D N
The distance r is given in units of the pion Compton wavelength s~ =~ 1.4 fm.
TM 3NFs
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_ NN-forces

The recent development of ChEFT provides a powerful method
for theoretical study of low Q? physics.

S.Weinberg (1966)
D.Kaplan, Savage, Wise (1998)
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___3N-forces

2N Force

¢ I

......

444444
A

»
......

3N Force 4N Force

4
X

FHEX T

+III +lll
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_ NN-forces in ChEFT.
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Figure 7: Phase parameters for np scattering as calculated from NN potentials at
different orders of ChPT. The dotted line is NLO [57], the dashed NNLO [57], and
the solid N3LO [27]. Partial waves with total angular momentum J < 2 are dis-
played. Solid dots represent the Nijmegen multienergy np phase shift analysis [49]
and open circles are the GWU/VPI single-energy np analysis SM99 [50].
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NN and 3N-forces. ChEFT

0.3
0.2 ] 0.0
N —-0.1
3 X .
>—>< 0.1 . 0.2
0.0 —-0.3
01 —-0.4
' 180
T T | T T | T T 0.6
0.0 - .
— — '>_ — —
S >
N -0.2_— ] >'¥ ~ ] 0.3
N > ]
0.4~ - b .
* 1% > 0.0
-0.6— —A _
08 | | | | | | | | | | | | I | | | - 3
0 60 120 180 O 60 120 188
0.10F E Q™ [deg]
0.00F -
N, F !
« -O.lOE— _E
-0.20F .
E | | | | | | | | .
0 60 120 180
CM
Q™" [ded]

pd-pd. E}, =22:7 MeV.

blue { NLO chiral NN-potential with di erent cut-o parameters,
red { NNLO for NN- and 3N-forces.

H. Witala et al. nuci-th/0601075
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_ 3N-forces

>c-'6q-:>< B} ~

3N-forces related to formation of 6qg and 99 bags.

These are not appeared explicitely in ChEFT!

Kukulin V.I. et al., phenomenolog
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__Quark degrees of freedomjuoh >

Quark degrees of freedom in jd >

Nonperturbative methods
Hadronic part (> b, b=1fm)

i n>=Af \(123) n(456) nn(r)g (22)

r=(ry+ro+rsz ra frs rIg=3
Quark part ¢ <b): either con ned 6-quark states (Yu.Simonov,1981

X
] q>= aj >
or the same ansatz Eq.(22) but with di erent type gftinteraction in
the 6 Hamiltonian (V.G. Neudatchin, I.T. Obukhovskiy, Yu.M.

Tchuviljskiy, (1979); A.Feassler et al. (1980))
PQCD=) CCR
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___CCR

Constituent counting rules (CCR)
At xed .y angle at+b! c+d

d 1
m(ab! cd) = o 2f( cm) (23)

V.A. Matveev, R.M. Muradyan and A.N. Tavkhelidkett. Nuovo Cim
7, 719 (1973).

S.J. Brodsky and G.R. FarrdPhys. Rev. Lett.31, 1153 (1973).
Generalization for inclusive reactiqi¥sBrodsky, G.P.Lepage)

AdS/CFT duality:

J. Polchinski and M.J. Strassler, Phys. Rev. L&8&.(2002) 031601.
CCR is obtained at high energies but beyond the perturb&tieory.
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__ CCR & baryon-baryon and meson baryon interaction

Existing high energy data for many measured hard proces$egeae
hadrons appear to be consistent with the CCR.

C. White et al., Phys. Rev. B9, 59 (1994).
d 1

pp!  pp o L
p! p,Kp! d‘é—t 15%

pl p’pl p’ dt ds_7 .
pt p @ %

R.L. Andersen et al., Phys. Rel. 14 (1976) 679,
p! "paE =4 75GeV, ;n=90 n=7:3 04

Sceptic point of view: Soft mechanism mimicks dimensional scaling M.Diehl,
Th.Feldman, R.Jakob, P.Kroll, PLB 460 (1999) 204.
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__CCR & baryon-baryon and meson baryon interaction

Cross section l n ——42_
nteractior E838 E755 (& ~1/s"?)
1 Tp—prt  132+10 46=03 6.7+02
2 TP — P =5 1]

6 Tp—pp-  99+13 13+06 87410
7 T'p s ntAt 45410 20406 62408
8 Tp—oatA- 2415 <012 > 10.1
9 pp—pp 330040 4845  914+02

10 Pp—pp . T54+8 <2l >75

M

Table 1: The computation of the experiments N of the scaling power in the
AFS BNL experiments E838 (E, = 5.9 GeV/c) and E755 (E, = 9.9 GeV/c). The
constituent counting predicts 5 for reactions 1 - & | ) {
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___Deuteron form factor

In reactions with atomic nuclei only electromagnetic
processes and only with the deuteron were found to be

compatible with the cced! ed
e

9 .
| QI6
1

F(Q"2)~ (1/Q*2)"5 ~Q*10

101=380000 graphs QlOF (QZ) = con St(QZ)

The hardQ? dependence of the deuteron form factompi@CD
n =1+6+1+6=14, t=Q%dt Q4 ,

1d glam), o0
Fa o AQ) )

A(Q) F(Q)* Q2

14 2
1

Q2
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~_CCR & , p, nd- form factors
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~_CCR & , p, nd- form factors
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___d ! pn Bibliography

d! pn

n =1+6+6=13, E > 1GeV, t s

a 1
dt st

SLAC J. Napolitano, et al. et al., PRB1, 2530 (1988)
E =1:2GeV, n=90

SLAC S.J. Freedman et al., et al., PRAB, 1864 (1993)

SLAC J.E. Beltz et al., PRL74, 646 (1995)CEBAF C. Bochna et
al., PRL81, 4576 (1998)

JLab Hall A K. Wijesooriya et al. PRB6 2975 (2001) d(= ®)n
JLab Hall A B.C. Schulte et al., PRG6, 042201 R (2002)

JLab (CLAS) M. Mirazita et al., PPC70, 014005 (2004)
JLab (CLAS) P. Rossi et al. PRI94 (2005) 012301

Yurly Uzikov Short-Range NNand search for transition region Gomel], 2007



___The cross section of thel ! pn From S.J. Brodsky et al. Phys.LetB578 (2004)

2.0 T T ,.' T T T T T T T T
- 3 A JLab E89-012;
SLAC NE17 |
i SLAC NES8
1.5 i © Mainz ]
********* RNA
;Y — HRM
> ' #$1. — — TQC
Q 1.0 P .
% I QGS
O
o)
X s .
. 05 &
-O L
N I
@)
RS I
> I
0.0 r | . | . | . | 7
0 2 4 6
Ey(Ge\/)

0 5 10 15 20 25 30
s (GeV?) The diproton disintegration fppg! ppin the
reaction 3He! pp+ nis planned (S.J.Brodsky et al. Phys.Lett. B 578 (2004 69))
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d! pn, HHC
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~ The main result ofd ! pn

F Scaling behaviour of the cross section of several exclusive
reactions indicates to the existence of the transition region.

F The HHC are not yet conrmed =) transition region

6 pQCD, but a nonperturbative QCD region

F CCR scaling region is accessable at JINR/COSY energies,
most likely at large scattering angles n 90

dd! SHp
dd! °*Hp % dd! °SHp *
p3He! (pp+ d; p3He! >Hep
pd! pd; T,=1 3GeV
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/ Yu.N. Uzikov, JETP Lett.87 387 (2005}

the cross section of the reactioidl | *Hen (anddd ! 3Hp)

- measured at SATURNE
[ G.Bizard et al., Phys.ReW 22 (1980) 1632

also perfectly follows the scaling behaviour
at transversal momentar 0.6 0:9 GeV/c.

N=6+6+9+3=24,

22
g S
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___Internal momentum ind ! pn

g p
~ y(k)

d " j  a(k)j?
k?=1s,, m?
25PN N

ng D 0>
Soin= M3 +(da 0n)2+ mZ+qg2  Qg°
S
pIab My plab My .

jqd] = —p?;anj =
At E =1 GeV and ., = 90

k 1GeVic =) rpn 1=k = 0:2 fm NN-Overlapping =)

Close to critical energy density 1 GeV/fm® (at T =0 K°, 6 0)
/ V.M. Emeljyanov, S.L.Timoshenko, M.N. Strichanov (2004)/
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__Internal momenta imd!  *Hp

d 3He d n
—O0
P + :l P
d n d 3He
a) b)

Proton exchange idd ! *Hen
T d(qpn) dp (de)

Tq, GeV | gon.GeVic | Qqp, GeVic
0.3 0.54 0.61
0.45 0.66 0.75
0.52 0.71 0.8
0.62 0.77 0.87
0.715 0.83 0.93
0.787 0.87 0.97
0.86 0.91 1.02
1.24 1.1 1.22

em = 90

\Double-cumulative process"

G.A.Leksin, Yad Fiz65 2042 (2002)
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___ CCRindd! ®Hen

dd! 3Hen anddd ! °®Hp reactions at ¢.,- = 60°

)]

h
)
\

s*do/dt, ub(GeV/c)*
\

w
8)
\
i@

dd — *He n

(&
\

25 |- B 0,.=60°

a@ev/e)

ﬁ:d:f = 1:18

G.Bizard et al., Phys.RevC 22 (1980) 1632

Ty, GeV
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CCR indd! 3 Hen

g 5 T ‘ T ‘ T T T T ‘ T T ‘
> .5 L B 7o T T I 7
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Figure 6:

dd! 3Hen anddd'!

cm: =060% D){ 50 52;¢0{33 35;d{ 28.

3Hp reactions multiplied bw?? versusTy: a) {
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__Reggon Model

Reggeon Exchange Model

a(9), (q)withg 1GeV={!?

A(Q), B(Q), Too(Q) at Q < 1.2 GeV/c with MEC :q 0:55GeV/c
R.Sciavilla, V.R. Pandharipande PR&S (2002)

QGS-model ford ! pn
V.Yu. Grishina et al/. Eur. Phys. A10, 355 (2001) andA19, 117 (2004)

d 3H d p

e
p *H

T d 0

d d p

Tk
T P 49 "The amplitude of the reactiodd! 3Hp
T = T(s;t)+ T(sS;u): (24)
s NO i 1
TED=FO = e o ow® 5 @)

Yurly Uzikov Short-Range NNand search for transition region Gomel], 2007



N = NO)+ R+ =2t
with ny(0)= 05,  =0:9 GeVZand {’=0:4 GeV *
so n(mg) = 3, my is the nucleon mass
Cexp (R4t)
my
/ A. Kaidalov, Yad. Fiz.53, 1410 (1991)
tto pp! d " dataatT,> 1GeV/

F(t) = + Coexp (R5t); (26)

The parameteR%(dd! 3H p) is lower thanR.(pp! d *)
(at T, > 1 GeV, t< 1.6GeV?)
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__Reggeon model

dd! 3Hen anddd! °3Hp at .mn.= 60° (a{b)
anddp ! dp at ., = 127° (c {d)

Q
N

do/dt, ub/(GeV/c)?

|
AN

o

do/dt, ub/(GeV/c)?

Tq, GeV T4, GeV

Yurly Uzikov Short-Range NNand search for transition region Gomel], 2007



___pp! d T at89

. 6
=
O
", pr, GeV/c
o
} s | \ [ [ T | ]
3 1.0 1.1 1.2 1.26 1.4
“:‘(D
pp—dm
4 - |
0.m=89.5°
°
3 - —
2 - + -
I o ]
A B
| | | | | | | | |

2 225 25 275 3 325 35 375 4 4.25 4.5

n.ev 2 The scaling behaviour s *?

IS not observed while pr and = s are almost the same as in the
d ! pn reaction measured at Jlab for E > 1GeV.

? Helicity conservation in pQCD and ~d ! $n
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__Resume o 1! ands %2

1. At present the reaction dd! 3Hp (dd! 3Hen) is only
pure hadronic process which involves the deuteron and °He
(*H) nucleus and follows the CCR at large .y and rather low
Ty
Most likely, the dp ! dp at n = 120° 130° also follows the CCR at
Tq4=0:5 4 GeV, however,:::

2. Physics of the Observed CCR behaviour?
rnn' 1=k = 0:2 fm, Overlapping =) critical energy density
"« 1GeV/fm 3, TR{?
The Lower limit in pr:
Pih=1:1GeV/ic? ( d! pn)or
PN 0.6 GeVic ? (dd! 3Hp)?
Does dd! 3Hp probe the 6g & 9q at 0.5-1.2 GeV, 60 ?
Quark-hadron duality?
Why the, *d! ppdoes not follow to s % at almost the same
prand sasin d! pn?
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3. Other exclusive reactions at 1-2 GeV:
dd! S3Hpat ;=90 and Ty4> 1.2 GeV?
pd! pd, =90 120 ,
pd! SHe (0.5-0.8 GeV, n =120 { CCR?)
p ! SHed,p ! p
d! SHe *H,d ! d
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___ CONCLUSION

CONCLUSION & OUTLOOK

Data on nuclei at high Q2%,pr =) TR, but its interpretation
In terms of only NN-interaction potential is, most likely,
ambiguos.
Inclusion of 3NF-, ANF- MEC, ::: is a matter of principle.

TR () complete theory of few-N forces.

Search for TR  search for remarkable qualitative e ects:
Cumulative e ect? CCR?
Presumambly, repulsive NN-core () TR

/RGM: NN as 6q-system/

s 11 behaviour of d =dt in d! pn ands %% in dd! °Hp.
Is this the TR? =) Non-perturbative one
New data on exclusive reactions at large ., are
required.
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