Pis’ma v ZhETF, vol. 105, iss. 8, pp. 523 – 524 © 2017 April 25

Neutron lifetime and density of states of fluoropolymers at low temperatures

E. A. Goremychkin, Yu. N. Pokotilovski^{1)}

Joint Institute for Nuclear Research, 141980 Dubna, Russia

Submitted 9 March 2017

DOI: 10.7868/S0370274X17080148

Accurate measurement of the neutron lifetime is of importance for obtaining the Standard Model parameter – the CKM matrix element V_{ud} and in astrophysics – for the theory of the Big Bang Nucleosynthesis [1, 2].

Two principally different experimental methods of measurement of the neutron lifetime: the beam method and the method of storage ultracold neutrons (UCN) in material or magnetic traps are in disagreement of about four standard deviations. The most probable cause of this difference are systematic errors in either of these two methods, but more exotic scenarios are discussed as a cause of neutron disappearance from the UCN traps: neutron – mirror neutron oscillations [3], or neutron propagation to brane world [4] (neutron-shining– through-a-wall experiments).

Losses of confined neutrons in storage volumes with material walls are caused by the neutron capture and thermal up-scattering in collisions with walls and with atoms of residual gas, and precision of the UCN storage method of the neutron lifetime determination depends on the value of these losses. The experimental efforts in improving this precision revolve around finding better way of extrapolating the measured UCN storage times to the value of the free neutron lifetime, and the most obvious way to improve precision and reliability of experimentally obtained value of the neutron lifetime is to decrease neutron losses in traps to maximal degree.

The UCN loss anomaly is well known: for the great majority of tested materials (the best choice for the walls of UCN traps are the low neutron capture materials at low temperatures: Be, C, D_2O ice, solid oxygen) significant disagreement exists between measured and calculated values of the neutron loss coefficients at the neutron collision with walls of storage volumes [5]. The only materials showing satisfactory agreement with theoretical estimates and simultaneously low UCN loss coefficients are hydrogen free fully fluorinated polymers in liquid [6] and frozen form [7, 8]. These fluoropolymers were used in the cited neutron lifetime measurements to cover the wall of storage volumes. Further progress in

1)e-mail: pokot@nf.jinr.ru

precision of the neutron lifetime measurement by this method can be reached only by the way of decreasing UCN wall losses to lower values, the latter is determined by dynamical properties of a substance and depends on temperature.

To obtain information about dynamical properties of fluoropolymers we performed in our previous work [9] the neutron inelastic scattering measurement of the excitation spectra of two different substances: Fomblin 18/8 and the low temperature one (PFPOM). To decrease destruction of the fluoropolymer deposits at low temperatures the fluoropolymers with the lowest known pour point (∼ −125^∘C) [10] were proposed in [11]. It is relatively low-molecular weight perfluoropolyformaldehide (PFPF) with formula CF_3(CF_2)_3-OCF_2- O-(CF_2)_3CF_3. The goal was to further decrease UCN losses due to suppression of thermal up-scattering at a temperature lower than was used in [8].

In this experiment we investigated two substances: PFPF and Fomblin grease [12]. The latter material (it is suspension of microscopically small teflon balls in Fomblin oil) was used many times in the UCN storage installations and in recent neutron lifetime measurement [13].

As previously [9] the experiments were performed using the NERA – time-of-flight inverted geometry spectrometer [14] at the IBR-2 high flux pulsed reactor of the Joint Institute for Nuclear Research in Dubna. The measurement procedure of the inelastic neutron scattering spectra and deriving from these spectra density of states was the same as in [9]. From determined G(ω) we calculated the temperature dependent UCN loss coefficients.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364017080045

1. D. Dübbers and M. C. Schmidt, Rev. Mod. Phys. 83, 1111 (2011).

2. F.E. Wietfeldt and G.L. Greene, Rev. Mod. Phys. 83, 1173 (2011).

Письма в ЖЭТФ том 105 вып. 7 – 8 2017 523 8^∗

524 E. A. Goremychkin, Yu. N. Pokotilovski

3. Z. Berezhiani and L. Bento, Phys. Rev. Lett. 96 (2006) 081801; Z. Berezhiani, Eur. Phys. Journ. C 64, 421 (2009); Z. Berezhiani, arXiv:1602.08588[astro-ph]; Z. Berezhiani, in Intern. Workshop: Probing Fundamental Symmetries and Interactions with UCN, JGV Mainz, Germany (2016). 14 4. M. Sarazzin, G. Pignol, F. Petit, and V. V. Nesvizhevsky, Phys. Lett. B 712, 213 (2012); Phys. Lett. B 758, 14 (2016).

5. Yu. N. Pokotilovski, Nucl. Instr. Meth. A 554, 356 (2005).

6. J. C. Bates, Phys. Lett. A 88, 427 (1982); Nucl. Instr.

Meth. 216, 535 (1983).

7. Yu. N. Pokotilovski, ZhETF 123, 203 (2003) [JETP 96, 172 (2003)].

8. A. P. Serebrov, V. Varlamov, A. Kharitonov, A. Fomin, Yu. Pokotilovski, P. Geltenbort, J. Butterworth, I. Krasnoschekova, M. Lasakov, R. Tal’daev, A. Vassiljev, and O. Zherebtsov, Phys. Lett. B 605, 72 (2005); Phys. Rev. C 78, 035505 (2008).

9. Yu. N. Pokotilovski, I. Natkaniec, and K. Holderna- Natkaniec, Physica B 403, 1942 (2008).

10. K. Sung and R. J. Lagow, J. Am. Chem. Soc. 117, 4276 (1995); Synth. Comm. 26, 375 (1996).

11. Yu. N. Pokotilovski, Nucl. Instr. Meth. A 425, 320 (1999).

12. G. Caporiccio, C. Corti, S. Soldini, and A. Rolando, Ind.

Eng. Chem. Prod. Res. Dev. 21, 520 (1982).

13. A. Serebrov, in Intern. Workshop “Probing Fundamental Symmetries and Interactions with UCN”, JGV Mainz, Germany (2016).

14. I. Natkaniec, S. I. Bragin, J. Brankowski, and J. Mayer, in Proc. ICANS XII Meeting, Abingdon (1993), RAL Rep. 94-025, Vol. I, p. 89; J. Phys.: Conf. Ser. 54, 012002 (2014).

Письма в ЖЭТФ том 105 вып. 7 – 8 2017