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Abstract

Coherent Quark Coalescence and Production of Cumulative Protons Ppion o=l Pprot e

The possible correlation between the yield of strange and heavy-flavour particles y o o, ] o' — !
and the emission of particles in the region outside pN-kinematics (the so-called miq—o S =roe oo W, e, XRBEPRBE e
cumulative region) in pA collisions is studied. The particle production in the cumulative ? e - O CC - the cumulative pion production i ou] <
area is considered as a trigger, confirming participation in the process of a dense few- B 3 . i o O by hadronization of one fast quark ;:%;2 - i
nucleon cluster. From the modern point of view this cold dense nuclear matter clusters F= %] - o C M.A. Braun, V.V. V,
(fluctons), intrinsically presented in nuclei, could be regarded as multi-quark bags similar B w —= @ Nucl.Phys.B 427, 614 (1994), s “E g |
to the droplets of cold quark-gluon plasma. %) o —O= C Phys.Atom.Nucl. 60, 432 (1997); e
For the description of particle production from such objects, the scheme based A L 63, 1831 (2000)
on the evaluation of the QCD diagram near thresholds [1-4] is applied. In this approach
the production of pions in this area is explained by the hadronization of a fast cumulative i ° o
quark [2,3], whereas in the production of protons is dominated by the coherent "”’5 - 2 g E22 g - the cumulative proton production 0.01 | 1 @M 7
coalescence of three fast quarks from the cluster [3,4]. This approach, in particular, has Y i I N by coherent quark coalescence mechanism: iy gj _________
already allowed to describe the transverse momentum dependence of the yields both the I B N L = M.A. Braun, V.V. V , | B EZS S—
pions and the protons in the cumulative region, using the only parameter - the 5 . | T Nucl.Phys.B 92, 156 (2001); 0.8<x<1.2 @
constituent quark mass, taken to be equal 300 MeV [5]. z L RS Theor.Math.Phys 139, 766 (2004) ' sy
In present work, using the string fusion model, we analyze the fragmentation of BeS 0.001 i ! 0.001 ' !
the nuclear cluster residue after the emission of a particle in cumulative region. Previous ° 0 b (éSeV/C)Z ° oo T 22(Ge%/5/c)2 °
studies [2,4] show that the diagrams are dominant, in which all rest quarks of the cluster t K
(the donors, compensating the momentum of the fast quark(s)) must interact with the The last recalls the few nucleon short-range correlations in a nucleus V.V, S.V. Boyarinov et al., Sov.J.Nucl.Phys. 46, 871 (1987)
orojectile. At the same time these donor quarks belong to a shrunk configuration in L.L. Frankfurt, M.I. Strikmann, Phys. Rep. 76, 215 (1981); AIP Conference Proceedings S.V. Boyarinov et al., Physics of Atomic Nuclei 57, 1379 (1994)
transverse plane of the reaction. As a consequence the strings formed in the interactions ibid 160, 235 (1988) 1701 (2016) 060020. S.V. Boyarinov et al., Sov.J.Nucl.Phys. 55, 917 (1992)
of the cluster remnant quarks with the projectile occur strongly overlapped in the impact
parameter plane. Hence one can expect an enhanced yield of strange and charm particles No free parameters (!) only m —the constituent quark mass: m =300 MeV.
due to sting fusion processes. As known, these processes lead to the additional
production of heavy flavors (see e.g. [6] for the case of enhanced strangeness
production). Along with the standard Schwinger-based version of a string fragmentation
we consider also the modified version leading to the thermal-like spectra [7,8], what
results in the increased production of the strange and heavy-flavour particles [9,10].
Basing on this picture we calculate the strength of the correlation between the

yield of particles in the backward cumulative hemisphere and the magnitude of additional F|ucton Ccu mu|ative frag men’[a’[ion Flucton cumulative frag mentation

forward strange and charm particles production in relativistic pA collisions. The possibility
of experimental observation of the given phenomenon is also discussed.

1) Cumulative particle momentum needs to be compensated by longitudinal momenta of the

o " i donors => Donor strings are shifted to positive rapidities
Th ) x| T — 2
2, " - “p P 2) Cumulative fragmentation of flucton needs shrunk flucton configuration in transverse
| —————* plane [M.A. Braun, V.V. V, Theor.Math.Phys. 139, 766 (2004)]
E= ¥t | = a : i +4 - => Overlapping of donor strings
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ok ok where the rapidity is defined in a standard way: y = — In 9r _ ML Only n=1 contribution.
—XFRX=— = on
: p_ my 2 q- q9- =_PE_E E—J—ex (——nﬂm2/)=EW m, (q=u,d,s,c,...)
xq‘—”q§+Mi_qz>0 473 q n=1n? d qP-q d 0 R
q 9=_"=
p- my co
M=0.5GeV M=1.87 GeV ~ ~
. - The kinematical border is given W= |d2kp W(k%,) w=_p§ 22 _:;exp['_nﬂ(m% + k%)[p]
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Thenby q, — % (_i - q_) wefind g’ =~ (m LA - A) 0.6 -0.060 -0.120 2818 1.199 d2p P
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- min g, depends only on 4 (not on fand k components
" . : : : : : rom the parameters of the potential connecting heavy quarks in nonrelativistic models
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Figure 10: Total inclusive charm production cross section in nucleon—nucleon collisions as a function of p/po
K=)/{m™ =10.12 s=0.9TeV =30, 1 's = 0.2 TeV s [51,68,73,80-82]. Data are from pA collisions for /s < 100 GeV and from pp collisions for y/s > 100 GeV.
/ \%4
Data from pA collisions were scaled by 1/A. Results from NLO CD calculations (MNR [76]) and their The non perturbative contribution. we are interested in
ALICE Collaboration, Eur. Phys. J. C71,1594(2011) “Strange particle production in proton-proton uncemimiels are shown as solid and d‘lsh)(;d l/ines PQ 2 due to th pdd'tg th o f | , H ﬁ: Wt , ﬂl ; !I
collisions at 0.9 TeV with ALICE at the LHC” | ( ”eb othea |t.|onab|s ”t”g “S”"?”,t‘? lec > Ih e ?cf‘ rfco')t' . —_—
: can be more noticeable at small initial energies in fix-targe experiments
STAR Collaboration, Phys. Rev. C75, (2007) 064901. So in principle the experimental data lives room for the non perturbative contribution as in discussed future experiments with mogdified NAG1 ft SFF’)S P
to charm production, e.g. due to the string fusion effects. . - . . ‘ '
We also expect that this contribution will manifest itself more clear
in p collisions with light nuclei (pD, pHe), because of the absence
/ \ of other string fusion effects.

The observables
We define the two class of events with and without the particle (proton or pion) \ / \ /

with X>X, in cumulative region and introduce the ratio:

ryith APy > ymin( ) 4 N

at

R O_,y:i;.hout cum.part.(y - Ymin(A)) Summary:
In described approach we expect that 7 > 1 1) So in this approach based on the combination of two complementary models (flucton cumulative fragmentation + string fusion)

The restriction to the rapidity region y > Vmin(2) we can expect the positive correlation between production of particle in the backward cumulative region and relative yield of heavy flavors in forward direction.
is necessary to suppress the increase of the phase volume 2) The non perturbative contribution to the production of heavy flavor particles, due to the additional string fusion effects in flucton recoil,
of the heavy flavor particle production in the case without cumulative particle. can be more noticeable at small initial energies in fix-target pA experiments, as in discussed future experiments with modified NA61 at SPS.

3) We also expect that this contribution will manifest itself more clear in p collisions with light nuclei (pD, pHe), because of the absence of other string fusion effects.
ymin(A) was calculated above for the case of large initial energies,
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