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Cumulative Particle Production

Production of particles from nuclei in a region, kinematically forbidden for reactions with
free nucleons.

Cumulative Pion Production

Fragmentation of deuterons, D, on some target, H.

Baldin A.M. et al., Yad.Fiz.18 (1973) 79 Nuclotron@Dubna (p,=5 GeV/c)
D+H=>n+X
Pe>>Mmy Po <k<2p, - cumulative pions
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Flucton - droplet of dense cold nuclear matter (2N fluctuation — 6 quark state)
Blokhintsev D.I., JETP 33 (1957) 1295
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Theoretical description near threshold: K->2py, X=klpy->2
1<x<2 - thecumulative region (1l<x<f - forthe fN flucton)

Brodsky S.J., Chertok B.T. Phys.Rev. D14 (1976) 3003; Phys.Rev.Lett. 37 (1976) 269
Schmidt I.A., Blankenbecler R. Phys.Rev. D15 (1977) 3321

Quark counting rules: ~ 4?23
n — the number of constituents, n = 6
A — the deviation from the threshold, 4= 2 —-x, 4<<1



Description of the hadron asymptotics at x->1 by the intrinsic diagrams in QCD in light-

cone gauge
Brodsky S.J., Hoyer P., Mueller A., Tang W.-K., Nucl.Phys. B369 (1992) 519

Description of the flucton asymptotic at x->f,
f - the number of nucleons in flucton, n - the number of quarks in flucton, x, = f/ n.

M.A. Braun, V.V. Vechernin, Nucl.Phys. B427 (1994) 614.
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Coherent Quark Coalescence and Production of Cumulative Protons
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- the cumulative pion production

k; — dependence:
M.A. Braun, V.V. Vechernin,
Phys.Atom.Nucl. 63, 1831 (2000)
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- the cumulative proton production

coherent quark coalescence mechanism:
M.A. Braun, V.V. Vechernin,
Nucl.Phys. B92, 156 (2001);
Theor.Math.Phys 139, 766 (2004)



W, j=1,2,3.

n=n,;+n,+n,

p;=n;-1
Po=n,-1
P3=Nns-1

P=p;+pP,tpP;=1+3+2=6

n=p+3=9
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Contributions to the blobs Wj :
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The examples of two types of non-diagonal contributions to the cross section
of cumulative proton production:
a-al P; =D;, b—some P;7#D; 7
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The diagonal contribution to the cross section of cumulative proton production.

Note the presence of the interference effects also in this case!
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Tpion (T, k1;p) = C(P) (Tfrag — 59)213 : Ip (ﬂi)
< Tepag(p) =1/3 4+ p/3

M.A. Braun, V.V. Vechernin, Phys.Atom.Nucl. 63, 1831 (2000)

p=n-1

Oprot(Z, k15 P1, 2, p3) = C(p1, P2, P3) (Teom —T )2p lfiﬂl( ) fpz( ) fpa( )

T < Zeoat(p) = 1+p/3 , p=p1+p2+p3
M.A. Braun, V.V. Vechernin, Theor.Math.Phys. 139, 766 (2004)

fol#) = 2m [7 dz 2Jo(t2) (2K (=)

p=n-3

Jo(2)- the Bessel function, Ki(z) - the modified Bessel function.

(2m)2 [ f,(|b]) d*b = f Ft) tdt =1

Note that for p=1 it can be simplified to  f(t) = 47 /(t* + 1)* 9



@pimz(’lﬂ_e}}) — gpimz(-'r- ;*-'J_;p)/gpion(?r- 0; P) ( . ) /fp U

*fﬁprcrt(;“lff)) = ﬁprot(-'f-'f jﬁl?ﬁ)/ﬁpmt(?r- (]l;ﬂ)

Sprpeps Op prapatps C(P1.02.03) fp, (Sm) fm( ) Ips (Bm)

e -rmi(kJup) — N
! Spipaps Op prtpatps C(P1.02.03) fp,(0) fp,(0) fps(0) :
Tpro .'f,!i:;' 2 125 fl%f %fﬂ%
opror(kiL . pr.ps.p3) = 2 t(. kiipr.pe.ps) _ Jp (3 ) pz(a ) p (3 )

f:fp-mt(:rﬁ;pl,pg,pg) B fpl(O) fpz(o) fpa(o)

No free parameters (!) only m — the constituent quark mass: m =300 MeV.
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