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d12C → p(0) +X within the IA

Glauber theory for the reaction d+ A → p+X,

L. Bertocchi, D. Treleani, Nuovo Cim. 36 A, 1 (1976). ”The cross section
contains:
i) the deuteron breakup with elastic rescattering of the proton and
neutron from the deuteron,
ii) the neutron absorption cross section, when the neutron participates

in inelastic collisions only, while the proton scatters elastically”.

In practice after some approximations =⇒ impulse approximation /A.P.
Kobushkin, L. Vizireva, J Phys. G8, 893 (1982)/

Relativistic effecs by B.L.G.Backer, L.A. Kondratyuk, M.V. Terentjev NPA (1979):

Ep
d2σ

d3pp
=

I2
I1

Ed(En + Ep)εp(q)

16πE2
n

[u2(q) + w2(q)

(2π)3

]

(2JA + 1)σMX

tot (nA → X) (1)

I1 = pd · pA, I2 = pn · pA
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d12C → p(0) +X : search for high-momentum components of the d.w.f.

X

d p

n

12 C

Figure 1: The invariant cross section of the reaction d +12 C → p(0◦) X), at pd = 9.06 GeV/c ( V.
Ableev, 1991) versus lab. momentum of the final proton in comparison with the IA for the CD Bonn
(dashed) and Paris (full) d.w.f.
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d12C → p(0◦) +X within the IA at Td = 270 MeV and pd = 9 GeV/c

X

d p

n

12 C

Curves: the IA calculation
Data at Pd = 9.06GeV/c: V.G. Ableev et al. JETP lett. 47, 649 (1988)
σR
tot(n

12C → X) = 260 mb, from B.Abu-Ibrahim et al. Phys. Rev. C 77, 034607 (20098)
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d12C → p(0) +X within the IA

Curves: the IA calculation at θlabp = 0, 2.5◦, 5◦

σR
tot(n

12C → X) = 260 mb, B.Abu-Ibrahim et al. PRC 77, 034607 (20098)
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Phenomenology of the pd → pd transition

1

2
+ 1 →

1

2
+ 1

(2 + 1)2(21
2 + 1)2 = 36 transition amplitudes

P-parity =⇒ 18 independent amplitudes

T-invariance =⇒ 12 independent amplitudes
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Phenomenology of the pd → pd transition

q̂ = (p− p′), k̂ = (p+ p′)/, n̂ = [k× q] – unit vect. (Z ↑↑ k̂, X ↑↑ q̂ Y ↑↑ n̂)

M = (A1 + A2σn̂) + (A3 + A4σn̂)(Sq̂)
2 + (A5 + A6σn̂)(Sn̂)

2 + A7(σk̂)(Sk̂) +

A8(σq̂) [(Sq̂)(Sn̂) + (Sn̂)(Sq̂)] + (A9 + A10σn̂)(Sn̂) + A11(σq̂)(Sq̂) +

A12(σk̂)
[

(Sk̂)(Sn̂) + (Sn̂)(Sk̂)
]

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

+(T13 + T14σn̂)
[

(Sk̂)(Sq̂) + (Sq̂)(Sk̂)
]

+ T15(σq̂)(Sk̂) + T16(σk̂)(Sq̂) +

T17(σk̂) [(Sq̂)(Sn̂) + (Sn̂)(Sq̂)] + T18(σq̂)
[

(Sk̂)(Sn̂) + (Sn̂)(Sk̂)
]

A1 ÷ A12 T-even P-even:
M. Platonova, V. Kukulin,PRC 81 (2010) 014004 T13 ÷T18 toTRIC

The polarized elastic differential pd cross section
( dσ

dΩ

)

pol
=

( dσ

dΩ

)

0

[

1 +
3

2
ppjp

d
iCj,i +

1

3
P d
ijAij + . . .

]

. (2)

Cy,y = TrMSyσyM
+/TrMM+, . . . (3)
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Glauber formalism for pd → pd

M̂(q, s) =

exp (
1

2
iq · s)Mpp(q) + exp (−

1

2
iq · s)Mpn(q) +

+
i

2π3/2

∫

exp (iq′ · s)
[

Mpp(q1)Mpn(q2) + p ↔ n
]

d2q′.

On-shell elastic pN scattering amplitude (T-even, P-even, from SAID)

MpN = AN + (CNσ1 + C ′
Nσ2) · n̂+BN(σ1 · k̂)(σ2 · k̂) +

+ (GN −HN)(σ1 · n̂)(σ2 · n̂) + (GN +HN)(σ1 · q̂)(σ2 · q̂)

Spin formalism by M. Platonova, V. Kukulin, PRC 81 (2010) is transformed to the

Madison reference frame in: A.Temerbayev, Yu.N. Uzikov, Yad. Fiz. 78 (2015)
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Test calculations: pd elastic scattering at 135 MeV

A.A. Temerbayev, Yu.N. Uzikov, Yad. Fiz. 78 (2015) 38 [Phys. At. Nucl. 78 (2015) 35]
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See also Faddeev calculations: A.Deltuva, A.C. Fonseca, P.U. Sauer, PRC 71 (2005) 054005.
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Test calculations-II: pd elastic scattering at 135 MeV
Yu.N. Uzikov, A.A. Temerbayev, Phys.Rev. C 92 (2015) 014002
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Faddeev calculations give very similar results (A.Deltuva, A.C. Fonseca, P.U. Sauer, PRC (2005)).
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Test calculations-III: pd elastic scattering at 250 MeV. Yad.Fiz 78 (2015)
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Phenomenology of the d12C → d12C transition

~1 + 0 → ~1 + 0

(2 + 1)2 = 9 transition amplitudes
P-parity =⇒ 5 independent amplitudes

T-invariance =⇒ 4 independent amplitudes

Tfi = e
(λ′)
β

∗
Tβα(k,k

′)e(λ)α (4)

Txx = A, Txy = 0 Txz = E

Tyx = 0 Tyy = B Tyz = 0

Tzx = A Tzy = 0 Tzz = C,

T-invariance:

D = E
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SS and DS mechanisms in the Glauber theory

d dN

N N

12 C 12 C

d d

12 C

SS

DS

d

pn(3 S1 3D1
, 1S0

)

N N

12 C 12C

The Glauber formalism
as a modification of the dp → dp: SS: In analogy with the dp → {pn}+ p
Np → Np on-shell =⇒ n12C on-shell elastic
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[1]. I. Satou et al. Phys.Lett.B 549 (2002) 307; 12C(d, d′)at 270 MeV

FIT: Only optical model was applied to the (elastic) existing data in Ref.[1].
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Glauber theory with the OPM for N12C-elastic-I
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Glauber theory with the OPM for N12C-elastic -II
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Fit within the OPM for p12C-elastic at 135 MeV from http://nrv.jinr.ru
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Glauber theory for d12C -III
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A and B amplitudes of the p12C-elastic scattering (OPM)

F = A+ iBnσ
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SUMMARY and OUTLOOK

• The cross section of the inclusive reaction d+12 C → p(0◦) +X is
calculated within the IA at Td = 270 MeV.

• pd → dp:
Agreement between the Glauber theory (full spin-dependence of the

NN T-even,P-even plus Coulomb) and the pd → pd data on dσ/dΩ,
Ay, Cy,y, Cxz,y at energy 135 MeV is obtained in forward hemisphere.

• The same approach can be used at these energies for the processes
d12C → d12C with a similar accuracy of calculations.

The first results for d12C → d12C elastic are encouraging.

• Next step:
⋆ Improve OPM for Ay in p12C =⇒ Ay, Ayy in d12C.

⋆ Apply the full Glauber calculation to p12C, n12C and then
=⇒ d12C → d12C and d12C → {pn}+12 C with Epn = 0− 5 MeV.
⋆ Consider lower energies Tp = 50− 120 MeV of the proton beam.
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THANK YOU FOR INVITATION

and
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SS+DS in comparision with SS: Glauber theory with the OPM for N12C
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