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Deuteron stripping reactions

0 /O (%) Motivation for (d,p) experiments:
P
"\@ (d,p) reactions can
deuteron _
@ 1) help to discover unknown states

n©

2) determine their spin and parity
3) measure occupancies of nuclear
shells in these states through

spectroscopic factors studies.

How do we achieve this?

Gexp (‘9)
By comparing measured and theoretical
Cross sections. O theor (‘9)




Distorted wave amplitude of A(d,p)B reactions

distorted waves

wave functions
of B and A

Overlap integral

(walwa)=1(r)




What changes does 3N force bring?

Distorted wave theories: e ] gP
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Hamiltonian with 2N contribution only: 2.

2N J Jp J J

phenomenological, 3N should be there

Hamiltonian with 3N contribution includes new term:

B Jp
T(Sd],\;) - <\PJ{JB prka(Rp)’ Z Wipn’q’J{fA%{f[ikad (Ra))
1€A



Difference between 2N and 3N contributions:

2N contains overlap integral g ,ﬁ?
7 Lz
// roN
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3N contains different matrix element:;
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2 Winp

leA

wa )=F(mn, Rp)

It is not proportional to the overlap integral and the
corresponding cross section cannot be factorized via
spectroscopic factors!



Assumptions are needed to proceed with evaluating 3N
contributions:

3N force Is contact

Wijk = I3[(zi - 7)o (rik )o(rijk ) + (zi - 7)o (1 ) o (i )
+ (7 7)o (rik )o(rji)l

* Nucleus A is a double-closed shell
« Aand B are described by Hartree-Fock model
« Single-particle wave functions in A and B are the same

« The difference in centre-of-mass positions in A and B
IS neglected



With these assumptions, available DW codes can be used
In which overlap function should be modified:

3N force Deuteron
strength  w.f.atr,=0
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mo I3¢d(0) n
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T 0 \ \
Overlap Density of Neutron
function nucleus A density of
(HF s.p.w.f.) nucleus A

Do = jdrvnp (Mg (r)

D, is independent
of NN model



y4(0) is model-dependent:

NN Model Ref 1»q(0) /Yoo (7)
Reid soft core 17 0

Argonne V18 18] 0.079
CD-Bonn 19 0.30

xEFT N4LO: 0.8 fm 20 -0.22

YEFT N4LO: 0.9 fm 20] -0.11

xEFT N4LO: 1.0 fm 20 -0.026

YEFT N4LO: 1.1 fm 20] 0.062

YEFT N4LO: 1.2 fm 20] 0.14

YEFT N2LO: 1.0 fm 21] 0.282




Choice of I,

9 CE «~— Low-energy constant

I3 = —
2 F;lAX“ Chiral symmetry breaking scale,
— ~ 700 MeV

Weak pion decay constant = 92.4 MeV

J.E. Lynn et al: Chiral Three-Nucleon Interactions in Light
nuclei, Neutron-Alpha Scattering and Neutron Matter

Phys. Rev. Lett. 116, 062501 (2016)

Vin R, (fm) CE Cp

N2LO (D1, Ez) 1.0 —0.63 0.0
1.2

N2LO (D2, Er) 1.0 —0.63 0.0
1.2 0.09 3.5

N’LO (D2,E1) 1.0 0.62 0.5

N?LO (D2,EP) 1.0 0.59 0.0
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dod/Q (mb sr)
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Finite-range effects in Plane-Wave Born Approximation
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using plane waves
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Sensitivity to the deuteron wave function for a fixed 3N force
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Conclusions

Contribution to the (d,p) cross sections from 3N force cannot be
factorized via spectroscopic factors.

With the chosen parametrization of the zero-range 3N force the
contribution from 3N vertex can be noticeable at energies above
the Coulomb barrier.

PWBA cross sections are very sensitive to the range of the 3N
force and to the choice of the 2N force.



What should be done to clarify the 3N contribution in (d,p)

reactions?

Deriving new Calculation of
expression for 3N formfactors that
contribution to the contain 3N force.
(d,p) amplitude Sort out c.m. problem

Calculations of (d,p)
reactions with 2N
and 3N contributions

Writing a new DW
code

Choosing 2N and
3N interactions

Calculating wave
functions of nuclei
A and B




