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Deuteron being the simplest nulei with a proton

neutron pair, is an example for a bound two-body

system that has been studied for many deades now.

Preise knowledge of the reations d + γ ←→ n + p

play very important role in Nulear Physis, to under-

stand Nuleon�Nuleon interations, in Solar Physis,

pp-hain reations [1, 2℄ and in Astrophysis in sharp-

ening the preditions on Big Bang Nuleosynthesis [3℄

along with the inputs from other reations involving

3
He,

4
He,

7
Li and

7
Be [4℄. Experimental measurements

have been arried out by radiative apture on neutrons

by protons [5, 6℄. On the other hand several experi-

mental measurements [7�12℄ have been arried out on

d+ γ −→ n+ p at the Duke Free Eletron Laser Labo-

ratory using High Intensity γ-ray Soure (HIGS).

Although it was known quite early that the thermal

neutron apture by protons is dominated by the isove-

tor magneti dipole amplitude M1v, Breit and Rustgi

[13℄ were the �rst to propose a polarized target-beam

experiment to look for an isosalar M1s amplitude in

view of the then existing 10% disrepany between the-

ory and experiment. The suggestion was more or less ig-

nored in view of the surprising auray with whih the

10% disrepany was explained [14℄ as due to Meson ex-

hange urrents (MEC). However, the measured values

for analyzing powers in p(~n, γ)d as well as for neutron

polarization in photodisintegration of the deuteron were

both found to di�er [15, 16℄ from theoretial alulations

whih inluded MEC e�ets. Rustgi, Vyas and Chopra

[17℄ drew attention to the unambiguous disagreement

between experiment and theory on d(γ, n)p at photon

energy 2.75MeV whih widens when two body e�ets

are taken into aount.

Attention was foused on photon polarization in n−p
fusion reation [18℄. In this paper it was shown that the

photon polarization whih arises due to the interferene

of isovetor M1 amplitude with isosalar M1 and E2
amplitudes an be studied using polarized beam and tar-
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get experiment. On the other hand the role of isosalar

amplitudes was highlighted in the theoretial study on

analyzing powers in d+γ → n+p [19℄ with unpolarized

photons. Theoretial analysis of the photodisintegration

of deuterons with aligned deuteron targets and linearly

polarized photon beams was arried out [20℄ in whih

an analysis of the experimental data of [21℄ was also

presented.

It is pertinent to mention that several photo-nulear

reations on polarized deuterons are being studied at

higher energies using linearly polarized photons at the

VEPP-3 storage rings [22�24℄. Sine the advent of polar-

ization measurements, there are new mysteries and po-

larization of emerging neutron (P ′
y) in reation d(γ, ~n)p

is a good example. There is also a mention about the

unsolved puzzle of P ′
y in the work of Gilman and Gross

[25℄. Working in the framework of pion less e�etive

�eld theory with dibaryons [26℄ for neutron polariza-

tion showed a signi�ant disrepany with experiment

[27℄, whih points to �The neessity of further studies

both experimental and theoretial of the spin observ-

ables in the γd → np reation� [26℄. This disrepany

is observed at low energies, energies lose to those of

interest to Big Bang nuleosynthesis, whih hinders our

understanding of proesses in the early universe. We

propose to study the polarization of emerging neutron

of the reation ~γ+d −→ ~n+p using a model independent

irreduible tensor formalism with initially irularly po-

larized photons. Following [19, 28, 29℄, we express the

reation matrix as,

M(µ) =

1
∑

s=0

l+s
∑

λ=|l−s|

(

Sλ(s, 1) · Fλ(s, µ)
)

in terms of irreduible tensor operators, Sλν (s, 1) of rank
λ in hadron spin spae onneting the initial spin 1 state
of the deuteron with the �nal singlet and triplet states,

s = 0, 1 of the n−p system in the ontinuum. The irre-

duible tensor amplitudes, Fλ
ν (s, µ) of rank λ are de�ned

following [28℄. The density matrix, ρ haraterizing the

neutron polarization in the �nal state is then de�ned in

terms of its elements,
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ρmnm′

n

=
∑

K,q

1

2
(−1)q [K]C(

1

2
K

1

2
;m′

n −q mn)PK
q , (1)

where

PK
q =

1

3
√
2

∑

s,s′,λ,λ′

(−1)s+s′+1[s]2[s′]2[λ][λ′]

W (s′λ′sλ; 1K)W (s
1

2
s′

1

2
;
1

2
K)

(

Fλ(s, µ)⊗F†λ′

(s′, µ)
)K

q
. (2)

The neutron polarization P is thus obtained on om-

paring ρ with the standard form ρ = 1
2 [1 + σ · P ].

In this ontribution, we have studied the neutron

polarization using model independent formalism for

d(~γ, ~n)p reation with unpolarized photons and with two
irular polarization states of the photon. The experi-

mental observation [21℄ at 14 and 16MeV, that all the

3 E1j=0,1,2
v amplitudes are not equal is quiet enour-

aging enough. Sine the possible role of M1s and E2s
amplitudes has been disussed by several authors using

di�erent formalism in the past, we feel it is neessary to

arry out measurements on neutron polarization in ad-

dition to di�erential ross setion. We hope that the ex-

perimental measurements on neutron polarization with

irularly polarized photons will larify the role of the

isosalar multipole amplitudes at near threshold ener-

gies.

This is an exerpt of the artile �Neutron

polarization observables in d(~γ, ~n)p at low en-

ergies of interest to astrophysis�. Full text of

the paper is published in JETP Letters journal.

DOI: 10.1134/S0021364022601506

1. E.G. Adelberger, S.M. Austin, J. N. Bahall, A. B. Bal-

antekin, G. Bogaert, L. S. Brown, L. Buhmann,

F. E. Ceil, A. E. Champagne, L. De Braekeleer, and

C.A. Duba, Rev. of Mod. Phys. 70, 1265 (1998).

2. E.G. Adelberger, A. Gar��a, R.H. Robert-

son, K.A. Snover, A. B. Balantekin, K. Heeger,

M. J. Ramsey-Musolf, D. Bemmerer, A. Junghans,

C.A. Bertulani, and J.W. Chen, Rev. Mod. Phys. 83,

195 (2011).

3. S. Burles, K.M. Nollett, J.W. Truran, and M. S. Turner,

Phys. Rev. Lett. 82, 4176 (1999).

4. B.D. Fields, K.A. Olive, T.H. Yeh, and C. Young,

JCAP 03, 010 (2020).

5. T. S. Suzuki, Y. Nagai, T. Shima, T. Kikuhi, H. Sato,

T. Kii, and M. Igashira, Astrophys. J. 439, L59 (1995).

6. Y. Nagai, T. S. Suzuki, T. Kikuhi, T. Shima, T. Kii,

H. Sato, and M. Igashira, Phy. Rev. C 56, 3173 (1997).

7. E. C. Shreiber, R. S. Canon, B. T. Crowley, C.R. How-

ell, J. H. Kelley, V.N. Litvinenko, S.O. Nelson,

S.H. Park, I.V. Pinayev, R.M. Prior, and K. Sabourov,

Phys. Rev. C 61, 061604 (2000).

8. W. Tornow, N.G. Czakon, C.R. Howell, A. Huth-

eson, J. H. Kelley, V.N. Litvinenko, S. Mikhailov,

I. V. Pinayev, G. J. Weisel, and H. Wita la, Mod. Phys.

Lett. A 18, 282 (2003).

9. W. Tornow, N.G. Czakon, C.R. Howell, A. Huth-

eson, J. H. Kelley, V.H. Litvinenko, S. F. Mikhailov,

I. V. Pinayev, G. J. Weisel, and H. Wita la, Phys. Lett.

B 574, 8 (2003).

10. B.D. Sawatzky, Ph. D. Thesis, University of Virginia

(2005); http://kanga.usask.a/nuleus/node/40.

11. M. A. Blakston, Ph. D. Thesis, Duke University (2007);

https://nuldata.tunl.duke.edu/nuldata/Theses/TUNL

_Theses.shtml.

12. M.W. Ahmed, M.A. Blakston, B. A. Perdue,

W. Tornow, H.R. Weller, B. Norum, B. Sawatzky,

R.M. Prior, and M.C. Spraker, Phys. Rev. C 77,

044005 (2008).

13. G. Breit and M. L. Rustgi, Phys. Rev. 165, 1075 (1968).

14. D.O. Riska and G.E. Brown, Phys. Letter. B 38, 193

(1972).

15. R. J. Holt, K. Stephenson, and J. R. Speht, Phys. Rev.

Lett. 50, 577 (1983).

16. J. P. Soderstrum and L.D. Knutson, Phys. Rev. C 35,

1246 (1987).

17. M. L. Rustgi, R. Vyas, and M. Chopra, Phys. Rev. Lett.

50, 236 (1983).

18. G. Ramahandran, P.N. Deepak, and S. Prasanna Ku-

mar, J. Phys. G. Nul. Part. Phys. 29, L45 (2003).

19. G. Ramahandran, Y.Y. Oo, and S. P. Shilpashree,

J. Phys. G: Nul. Part. Phys. 32, B17 (2006).

20. S. P. Shilpashree, S. Sirsi, and G. Ramahandran, Int.

Jour. of Mod. Phys. E 22, 1350030 (2013).

21. M. A. Blakston, M.W. Ahmed, B. A. Perdue,

H.R. Weller, B. Bewer, R. E. Pywell, W.A. Wurtz,

R. Igarashi, S. Kuuker, B. Norum, and K. Wang,

Phys. Rev. C 78 034003 (2008).

22. I. A. Rahek, H. Arenh�ovel, L.M. Barkov, S. L. Be-

lostotsky, V. F. Dmitriev, V.V. Gauzshteyn, R. Gilman,

A.V. Gramolin, R. J. Holt, B.A. Lazarenko, and

A.Y. Loginov, J. Phys. Conf. Ser. 295, 012106 (2011).

23. S. A. Zevakov, V.V. Gauzshteyn, R.A. Golovin,

A.V. Gramolin, V. F. Dmitriev, R.R. Dusaev,

B. A. Lazarenko, S. I. Mishnev, D.M. Nikolenko,

I. A. Rahek, and R. S. Sadykov, Bull. Russ. Aad. Si.:

Phys. 78, 611 (2014).

24. D.M. Nikolenko, L.M. Barkov, V. F. Dmitriev, S. A. Ze-

vakov, B. A. Lazarenko, S. I. Mishnev, A.V. Osipov,

I. A. Rahek, R. S. Sadykov, V.N. Stibunov, and

D.K. Toporkov, JETP Lett. 89, 432 (2009).

25. R. Gilman and F. Gross, https://arxiv.org/pdf/nul-

th/0111015.pdf.

26. S. I. Ando, Y.H. Song, C. H. Hyun, and K. Kubodera,

Phys. Rev. C 83, 064002 (2011).

27. R.W. Jewell, W. John, J. E. Sherwood, and

D.H. White, Phys. Rev. 139, B71 (1965).

28. G. Ramahandran and S. P. Shilpashree, Phys. Rev. C

74(5), 052801 (2006).

29. S. P. Shilpashree, Phys. Sr. 97, 075003 (2022).

Ïèñüìà â ÆÝÒÔ òîì 116 âûï. 5 � 6 2022


