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SEARCH FOR ONSET OF THE TRANSITION REGION |Zadrons — q,g

“One of the outstanding issues of strong interaction physics is understanding the
dynamics of the transition between hadronic to quark-gluon phases of matter”.
F. Gross, P. Klempt et al., 50 Years of QCD, e-print: 2212.11107[hep-ph];

Three remarkable phenomena:
COLOR TRANSPARENCY A(p,2p)B
CONSTITUENT COUNTING RULES
MULTIQUARK CONFIGURATIONS

Double polarized pN-elastic scattering at 90°
includes all these features3GeV < /s, <5.5GeV
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2.COLOR TRANSPARENCY

Color transparency (CT) is an unique prediction of QCD:

in the final (and/or initial) state interaction of hadrons
with nuclear medium must vanish for exclusive processes at
high momentum transfer (A. Mueller, S. Brodsky; [982)

CT is necessary condition for factorization in exclusive hard processes

For latest review of CT see:
D. Dutta, K. Hafidi, M. Strikman, Prog. Part. Nucl. Phys. 69 (2013) 1;
50 Years of QCD (2022), G. Sterman, P. 5.10

CT is well established for meson production,
for baryons is questionable (see A.B. Larionov, PRC (2023) and references therein).
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3. Constituent Counting Rules

Are large angle two body processes being point like probes?

Matveev, Muradyan, Tavkhelidzhe - self silimarity
Brodsky, Farrar - pQCD
Polchinski, Strassler - AdS/CFT duality

PQCD -large angle two body reactions (-t/s=const,
S T®) T +p = TT +p,p +p = p *p,...

Dimensional quark counting rules:

do | f
_ 9(‘ . ) (_ Z Ng,; _Z nq(f—i—Z)
o f(Ocm.)s

umber of constituents )v\umber of constltuent\[s
in initial state in_final state




Indication to octoquark configurations
in hard double polarized pp-> pp




SPIN-SPIN EFECTS IN HARD pp ELASTIC SCATTERING

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 Laboratory, Argonne, Illinois 60439
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pp(90°)-dynamics at very short distances:

Js =5-7GeV,—t =5-10GeV? : 1, ~1/\—t <0.1fm

Three aspects of QCD dynamics in pp(90°)-elastic:
) do? (5,9 =90")~s"", but unexpected oscillations at s=10-20 GeV?

i) Aw= j{;g } ; Ij:” H experiment contradicts to pQCD : A,=1/3

iii) Bump in color transparency in A(p,2p) at 4.9GeV < sy <5.5GeV

11
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S.Brodsky, de Teramond, PRL 60 (1988) 1924. — §

/!

Possible explanation for all three observations: . X
assumes octoquarks at the thresholds SE, cC 614 —  E v
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Interference of pQCD term and non-perturbative resonance term
allows one to explain all three above features

Octoquark resonances: J=L=S=1 uudssuud /s=3GeV

uudccuud ~Ns=5Gev pp = plJ /'y p]
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VOLUME 60, NUMBER 19 PHYSICAL REVIEW LETTERS 9 MAY 1988

Spin Correlations, QCD Color Transparency, and Heavy-Quark Thresholds
in Proton-Proton Scattering

Stanley J. Brodsky and Guy F. de Teramond

Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305
(Received 14 lanugry 1988)
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FIG. 1. Prediction (solid curve) for do/dr compared with
the data of Akerlof et al. (Ref. 16). The dotted line is the
background PQCD prediction.



CT for baryons
A(p,2p) PUZZLE

D. Dutta et al. / Progress in Particle and Nuclear Physics 69 (2013) 1-27 Unexpected drop Of T in
A(p,2p) at high P_L is not

T T T T T T e understood:
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Another explanation of pp-oscillations and CT bump:

J.P. Ralston, B. Pire. R
| dGPP

PRL 61 (1988) 1823; _

PRL 49 (1982) 1605

Nuclear filtering mechanism for CT
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About phenomenology of pN- elastic scattering at ./s,, = 3-6 GeV

W.P. Ford, J.W. van Orden, PRC

87 (2013) 014004, pp-Regge, see also:
“Regge-model for nucleon- A.Sibirtsev et al. EPJ A(2010)
nucleon spin-dependent P,=3 - 50 GeV/c
amplitudes”, s= 6 GeV? -t< 2(GeV/c)?

No predictions in hard pN- region
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Similar data on A, in pn-pn elastic scattering will be very valuable due to
different spin-isospin dependence of p-n (T=0) as compared to p-p.
This can be done at NICA SPD.

How to get a double — spin correlations in
pn->pn from dd->pnpn?

17




Double spin correlations in pn->pn

e 14 PHYSICAL REVIEW LETTERS 1 OCTOBER 1979
I +
.l; 6'.!1.‘1 ﬁ ] pin-Spin Forces in 6-GeV/c Neutron-Proton Elastic Scattering
.‘xi{ g ] . Crabb, P. H. Hansen, A. D. Krisch, T. Shima, and K, M. Terwilliger
0— I~ Hﬁ_}é_ _: I Laboratory of Physics, The University of Michigan, Ann Arbov, Michigan 48109
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FIG. 2. The spin-spin correlation parameter, 4, , (dgﬁdt) f'll o {dﬂ-/fdt} fl- + (dﬂ.fdlt) -*f 1 e A )

nn
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 18
neutron-proton data are quite different.



VoOLUME 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 Laboratory of Physics, The University of Michigan, Ann Avbor, Michigan 48109

Measurement was made of do/dt forny +py—n +p at P,%2= 0.8 and 1.0 (GeV/c)? at 6
GeV/c. The 6-GeV/c 53%-polarized neutrons from the 12-GeV/c polarized deuteron
T T beam at the Argonne zero-gradient synchroton were scattered from our 75%-polarized
d p —> pnp proton target. Both spins were oriented perpendicular to the scattering plane. We
found large unexpected spin-spin effects inn-p elastic scattering which are quite dif-
ferent from the p-p spin-spin effects.

onance by a factor of 12.5. By carefully tuning
the pulsed quadrupoles, the ZGS staff was able
n to jump this 0 - v, resonance and obtain a beam
n of 12-GeV/c deuterons with a neutron polariza-
tion of Py =(53 + 3)%.
Measuring the polarization of these neutrons
p P was also a new problem. A fast “uncalibrated”

Polarization: 53% for n, 75% for p

19



At NICA SPD d'd" — p(90°)+n(90°)+ p.(0)+n.(0)

Transversally polarized deuterons. Hard pn elastic scattering
at 90°. Nucleons p (0) and n(0) are spectators.

d, n(0) The S-wave dominates in the deuterons at ¢, =¢, =0
D > S-waves : N ~
/3 ﬁs:dl/z;ﬁszdd/z (1)
dd DS ADPE (A
. \ ANN = A]V]V (Hcm =90 ) (for any OZ) (2)
N StD-waves: = .01 07,5, -0 0z 0z beam
0) Crn—C
d- P Al = g = P22 O 3)

O pt0 5,

ISI@FSI and deviation from the conditions of Eq. (1) are under estimation
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PHYSICAL REVIEW C 82, 014003 (2010)

Vector and tensor analyzing powers in deuteron-proton breakup at 130 MeV

E. Stephan,'-" St. Kistryn,” R. Sworst,2 A. Bicgun,1 K. Bodek.” L. Cicpal,2 A. De]tuva,:" E. Epelbaum,* A. C. Fonseca,’
J. Golak,” N. Kalantar- Nayeqtanakl H. Kamada,” M. Ki§,° B. Ktos,! A. Kozela,® M. Mahjour Shafiei,®" A. Micherdziriska, "
A. Nogga R. Skibinski,’ H Wltala A. Wronqka J. Zejma,” and W lepcr

AnA A E

TABLE I. Set of the polanzatmn states used in the 'H(d, pp)n
breakup experiment. The maximum polarizations Pz, Pz; (for
100% efficiency of transitions in the ion source) and corresponding
combinations of the magnetic fields are shown. The x indicates that
the magnetic field is switched on, whereas the—indicates that the
magnetic field is switched off. I, denotes the full beam intensity. In
the case of transitions with medium field on, the beam intensity is
reduced to 2/3 of /in the case of 100% efficient transitions.

Polarization Magnetic fields Beam
states SF] SF) ME WE intensity

Pz Pzz

0 0 — — — - I
+1 +1 X = - - I,
+1 - X - - I
0 +1 X - X - % I

0 -2 - X - 21
—+— % 0 X - - If
-2 o - - - X I

P.=0 for P =+2/3,-2/3

Comment by N.M. Piskunov

In this case measurement of A, in dd->pnpn

seems to be similar to that for pp->pp
( See Crabb et al. PRL 1978)
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Elements of Formalism for dd->pnpn

M = Z ﬂf[(dl — 12"):!ZC_FE\;';V(2"?)'r — 23)i]\/f(d2 — 3’f4)
E (pgx - ?nir + ?:E) (p%,- — ?’I’Lir -+ i{—:)

) !
0503

M(dy —12') = —(e + ¢i /m) < x1X2|Pr > /2mp2mp2my

1 1 1
(=o1=02]1A1) \/errLPQ*mn 2my
Var 2 2

= —(e +qi/m)u(q)

My; = Z 2mg < Xl}(é‘(ﬁ'gl >< X%th‘(b)\z > TNN(QF?)J — 23)

! !
0503
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n(0)

d,d
A5, CORRELATION FOR d'd" — pnpn /

p(O)

M“ll)f?g”‘*(dd — pnpn) Z < Xos(2)Xos (3)] pn|XJp (P)Xo, (n) >

X < Xgl(l)?xgp(p)|¢}\l (dl) >< Xoy (4)?Xﬂ-n (n)|¢))\2 (d2) >

A

< Xﬁfl(l)a Xop (p)‘qb)\l (dl) >= U(Q1)(§O—1%O_P‘l)\l)?

I 1

< Xo4(4), Xo, (n)| O, (d2) >= U(@)(ggli%\l)\z)a
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1 1090230 0109020 *
doxn, = 9 Z M 1327374 (dd — pnpn) (M '327%7* (dd — pnpn))* =
01020304
1
§ Z | < Xffz XJg (3)|tpﬂ|xgp:)\1—01 (p)Xan)\z—CM(n) > |2
01020304
L 2 1 1 2 2 2
X(zo15M0 —o1|1A) (50452 — 04|1h2) u(q1) " u(ga)”.
2 2 2 2
A =+1,4, ==I
dox =41Xy=+1 = Z w(q1)*u(q2)?| < Xos (2)Xos (3)tpnlXoy =11 (P) X0, =41 () > |7

dox,=t1x=—1= Y u(q1)*u(q2)*| < Xos(2)Xos B)tpn|Xs,—1 1 (P)Xgp =1 (n) > |
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Add CORRELATION FOR d'd" — pnpn

.4

Add

dO‘TT — dO'N” do-‘)\1:_+_1‘}\2:+1 — dO'A1:+1Ag:—1

v,y

dot + do™ Adox, =41xo=+1 T AN =4 12p=—1

dd—pnpn __ Apn—pn
Ay:y o Ay,y

Add __

Z,2

Ap’n But what about A =0 ?
AN/
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What about /l — O ?

Unpolarized deuteron beam

N+:N_:NQET1

m=+1 m=—-—1 m=20

N,=2n 0 n = Py =

Polarization of the beam

Nmz—}—l _Nm:—l
Nim=+1 +Nm=—1 + Npm=o
Nim=11+Np=—1 — 2Np—o
Pyy =
Nm:+1 + N, — —|-Nm:()

Py =

2P =0
3: YY —

2

0 N =2n ?’LZ?PYZ——,P}/}/:O

3
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Two sets of deuterons beams:

/ \

2 2 9 9
.PL +3 P? +§ Pl:+§?P2:_g
N1 \ / Nz
Add N1 — N>
Y TN+ NG

In terms of doy, x,

B 2 - 2(£U++ -+ 2(1J+D -+ 2d(fn+ + dogo — (2 . 2dﬂ+_ -+ 2dJ+n + 2dog_ + di'}rf}n)

Add _
YY" 9. 2oy o 4 2do g + 2dog, + dogy + (2 2do— + 2do g + 2dog_ + dogo)

Using Rs—invariance
A B ]_ dﬂ'_l__l_ - d{']'_|__ -
YY — —

—ANN
2 dﬂ'_l__l_ — dﬂ+_ 2
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OUTLOOK

e We do not have good understanding of the most fundamental
process, as hard elastic NN-scattering , in particularly at /s =3-10GeV
and their relation to QCD (CT,CCR...)

® Available data on double spin correlation in hard pp->pp are
intriguing. Theoretical interpretation is questionable.

e Asimilar data on Ay, in hard pn->pn will provide important
independent information on the short-range NN-dynamics

e Measurement of A% in ¢"d" - p(90°) +n(90°) + p,(0) +n,(0)

will provide AP" in case of the S-wave d.w.f. dominance



D-wave contribution, q; # 0, g2 # 0
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Nucleon momentum distribution
in the deuteron
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CT for mesons production is well established

H 6(7/ 2 T p ) D. Dutta et al. / Progress in Particle and Nuclear Physics 69 (2013) 1-27 15
g ° » JLab E94104 > 08 + JLab E94104
5 W Glauber with CT & W Glauber with CT
] il Glauber & Glauber
E J
Z o7} Sorf

E,=225GeV | \\\\‘\
y — < \%\\\\\\
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Fig. 13. The nuclear transparency of *“He(y, pr) at 87, = 70° (left) and 67, = 90° (right), as a function of momentum transfer square |t| [80]. The inner

error bars shown are statistical uncertainties only, while the outer error bars are statistical and point-to-point systematic uncertainties (2.7%) added in
quadrature. In addition there is a 4% normalization/scale systematic uncertainty which leads to a total systematic uncertainty of 4.8%.
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Excitation of the deuteron to
the Dy; in pd->pd*(2380)

Eur. Phys. J. A (2018) 54: 206

DOI 10.1140/epja/i2018-12641-0 THE EUROPEAN

PHYSICAL JOURNAL A

Regular Article — Experimental Physics

Resonance-like coherent production of a pion pair in the reaction
pd — pdnw7 in the GeV region

V.I. Komarov', D. Tsirkov!'®, T. Azaryan', Z. Bagdasarian®?®, B. Baimurzinova®®, 8. Barsov®, S. Dymov'?,
R. Gebel?, M. Hartmann®, A. Kacharava?, A. Khoukaz’, A. Kulikov!’, A. Kunsafina'*?®, V. Kurbatov!,

Zh. Kurmanaliyev'*%, B. Lorentz?, G. Macharashvili®*, D. Mchedlishvili®®, S. Merzliakov?, S. Mikirtytchiants>©,
M. Nioradze®, H. Ohm?, F. Rathmann?, V. Serdyuk?, V. Shmakoval, H. Stréher?, S. Trusov®®, Yu. Uzikov! %10,

Yu. Valdau?®, and C. Wilkin'!

N.Tursunbaeyy, Y. U. in: Recent Prog.in Few-Body
Physics, (Eds. N.A. Orr et al.,2018) Chapt.76, p. 467-470
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DIBARYON RESONANCES

F.J. Dyson, N.-H. Xuong,
PRL 13, 815 (1964):

Search for non-strange
isovector (I=1) and
isotensor (I=2) dibaryons.

Indication to the D,;:
P. Adlarson et al. PRL 121 (2018)

in pp->ppmtT
at 1 GeV

TABLE III. The mass of non-strange dibaryons (MeV).

I:)IJ

y s 17 [f] M Mexy,
Dy, 2 0 0 1 [33] 1876 1876
Dy 2 0 | 0 [42] 1883 18787
Dy, 2 0 0 3 [33] 2351 2380
Dy, 2 0 3 0 [6] 2394 ?
D, 2 0 1 2 [42] 2168 21487
D», 2 0 2 1 [51] 2182 21407

34



	Слайд номер 1
	Слайд номер 2
	Слайд номер 3
	Слайд номер 4
	Слайд номер 5
	Слайд номер 6
	Слайд номер 7
	Слайд номер 8
	 Indication  to  octoquark configurations� in hard  double polarized pp-> pp 
	Слайд номер 10
	      �       pp(90o)-dynamics at very short distances:
	Слайд номер 12
	Слайд номер 13
	Слайд номер 14
	Слайд номер 15
	Слайд номер 16
	How to get a double – spin  correlations in pn->pn  from dd->pnpn?
	Слайд номер 18
	Слайд номер 19
	Слайд номер 20
	Слайд номер 21
	Слайд номер 22
	Слайд номер 23
	Слайд номер 24
	Слайд номер 25
	Слайд номер 26
	Слайд номер 27
	Слайд номер 28
	Слайд номер 29
	Слайд номер 30
	Слайд номер 31
	Слайд номер 32
	Слайд номер 33
	Слайд номер 34

