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Performance evaluation of the developed in-situ ortho-to-parahydrogen fraction measurement ﬁ
system for the ESS cryogenic moderator system €SS
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Abstract Effect of focal lens location -Effect of the hydrogen density on the error for ortho-to-parahydrogen fraction of normal hydrogen
At ESS, we developed an in-situ ortho-to-parahydrogen fraction measurement system (OPMS) * Uncoated plano-convex lens with a focal length of 40 mm. 15000 T Qtho:to-parahydrogen ratio. x C(=0.98941)
using a Raman spectroscopy. This system requires an accuracy of 0.1% parahydrogen fraction at Focal poi ition: 10 P he i f ¢ £le z:;u;g'u;g'ﬁ,"ce from - 34 7
around 20 K to observe ortho-to-parahydrogen back-conversion phenomena induced by the tf?;iaggm:er\ﬁigga mm away from the inner surface o 3 Ié omm 1 _5 . T T N T b d‘ro 1(V)[r(T) E(1,0) — E(0,0)
neutron irradiation. Initially, we succeeded in detecting the parahydrogen peak at 1245 cm-1 (J = v L ! o 311 i Y B 9 ormal hycrogen "=T0) 52 P kgT
4) in normal hydrogen at 0.3 MPa. This is because the theoretical peak intensity ratio of the third - :eat mtens(;tlles vl\/ere ma_X',m'_ZQZ' —~ 100001~ ° % £ fmn,r; - & 32f 293K ] ( B
parahydrogen (J = 4) to the first orthohydrogen (J = 1), 1(4)/I(1), is 0.49%, which is equivalent to - Background level was minimized. El s 5 1 g § Eor o,
1(1)/1(0) at 22.7 K. In this study, we measured the Raman spectra of normal hydrogen at ambient 2 & ] 2 3ol - B 29858
temperature and various pressures to clarify the effect of hydrogen density, p, on the accuracy of £ ] —g o E Ilﬂgw e .f a(1) 2 1(1) a(0) :
the 1(4)/I(1) ratio, instead of I(1)/I(0). Additionally, we measured the Raman spectrum of £ s5000F o 2 - ,E‘ 109 MPa or=C (W) + (W)
gaseous hydrogen collected from equilibrium condition at 21 K, at ambient temperature and 0.7 o 1 g 2.8 0.5 MPa 2.9858+0.0103 b
MPa, to evaluate the accuracy of 1(1)/1(0) compared with that of 1(4)/I(1). The accuracy of 2 2.9942+0.0165 (25.089+0.065%)
1(4)/1(1) decreased following a curve characterized by p=0%, and the accuracy of I(1)/1(0) ] 2 260 (25.036:+0.104%) 1 = Atp =0.896 kg/m? corresponding to 1.09 MPa,
follows a similar trend. For p >0.54 kg/ms, the accuracy decreased below 0.1%. Therefore, it is . 0! SE e e e 2 Error decreased. » Ortho-to-para hydrogen fraction agreed with the
expected that 1(1)/1(0) of liquid hydrogen (p =747 kg/m?) would achieve an accuracy of Experlmental results N it g 24 | . | P theoretical value of 2.9858 at 292 K and its error is
approximately +0.001%. [ hvdi aman shift (cm?) 0 02 04 06 08 1 12 £0.0103.

. - norma y rogen- Density (kg/m?) » This corresponded to a parahydrogen fraction of
lntroductlon 25.089% with an accurac % %
X y of £0.065% (< 0.1% error).
ESS has developed a bmte,'fly_-tﬁpe hydrogen moderator, optimized for parahydrogen to over At 0.2 MPa At 1.1 MPa - Hydrogen sampled form J-PARC CMS (under the equilibrium condition at
99.5%, to achieve the world's highest luminosity in the neutron beam. The total neutron cross- 4000 1 - : 1 . : 1 . . . T r r 21.2 d
section of parahydrogen is approximately 2.5 orders of magnitude lower than that of 5500 Normal hydrogen pH, (1243.0 cm™) Normal hydrogen 200 /=4 1.2 K and 1.5 MPa)-
orthohydrogen in the energy region below 14.5 meV. Even a small fraction of orthohydrogen £ 02MPa a0f ¥ E 14000F 1 09 MPa PH, (1243.0em) 7 Gaseous hydrogen captured from the J-PARC CMS operating at 21.2 K was collected into the sampling bottle
significantly impacts neutron scattering characteristics. High neutron irradiation fields may induce J=1 - -
N y N ~ 3000 = E > 12000F ~|/=1 E at a pressure of 0.7 MPa.
para-to-orthohydrogen production, known as back-conversion, as mentioned by E. B. lverson and 3 5 100F j-4 = B 1005, 15000,
J. M. Carpenter. They successfully measured this back-conversion phenomenon and reported that < 2500F T S 4 E 10000F 3 L B TrrrrTrTTT T T T T
1% of parahydrogen was converted over 12 hours under a 1-MW proton beam operation. =~ § 3 o~ 0 2 52 oltev oty J-PARC CMS [ J=0 0.70 MPa, Normal hydrogen
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1"' this Sﬂ-ldy,d N . p | hvd . bient t N g . r i 80 000000 © O 0 6 O » Parahydrogen, 1(0): significantly higher compared to that of normal hydrogen.
(1)we measured Raman spectra of normal hydrogen at ambien emperature and various 3 a00F A~ 10700 sovsgo® ¢ o o 0 © » Orthohydrogen,I(1): Considerably small, however it was still discernible above the background level.
pressures from 0.1 to 1.1 MPa to evaluate the effect of hydrogen density on the accuracy of s r = o] .
the intensity ratio of 1(4)/1(1). o 2z L ] E °J = Intensity ratio of I(1)/1(0) = 0.002670+0.001076, which exists on the same curve given by the errors of
(2) we measured the Raman spectrum of gaseous hydrogen collected under equilibrium 2 ] s :] 1(4)/1(1) for normal hydrogen.
crc:ndition at 2;1 K using the J-PARS cr'yﬁg:nic ?ydrogen Todehrator (Cl\lﬂi) an evaluated ﬁ 4/—2 ~ 102l ] B ~ Ortho-to-parahydrogen ratio =0.002642:0.001065.
the accuracy of 1(1)/1(0) compared with that of 1(4)/1(1) for the normal hydrogen. 4 1 §ii§§§§ 5T T e » = Parahydrogen fraction of 99.737+0.106%, which is consistent with the theoretical value at 21.05 K.
. ] 0.00494
EXperlmental Set up T~ - = Predicted accuracy under the ESS CMS (17 K and 0.1 MPa):
- L —— T 103 I I L 1 1 Better than +0.001%, due to the liquid hydrogen density of 74.70 kg/m? which is 129 times greater than
(S:s/ph\'re wi;\dow (swW1) Sapphire window (SW2) . drM . ,O-G(kg/ 3)0-8 1 O-ZH dg-“ d0-5 ] (l’(-s . 1 12 the density at 0.7 MPa and 293 K.
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= Each peak intensity increased proportionally s LD/ forl=02and3 H
N a 00 with hydrogen density. » As hydrogen density increased, the intensity ratios of ConCIuSlon
Vent a]]l@ um p _ deviati P . converged to their theoretical values at densities above
_ = Raman 100 ® However, for j= 4, a deviation from this 025 kg/ms. We conducted Raman spectroscopy on normal hydrogen at various pressures to investigate the effect of
n 3 ‘;;tage probe ‘ ‘ g";’g’z"t/'ogm relationship was observed below density, p, on the ortho-to-parahydrogen ratio, r, and its associated error, oy..
) X 532 -mod . m>.
GNz o (£15 mm) w.tha"Toiigﬂfo'f“fooemﬁier 9 = L4/, which corresponded to the ortho-to- . . o . .
Vacuum —p<i—| Mock-up OPMS ) ) parahydrogen ratio for I(1)/1(0) at 22.7 K Q It became evident thsat the_ peak_lntengmes increased proportionally with p. ) )
pump vacuum chamber gfa?gn SQsctrgmefirwutlyggsa\utuon ~ Intensity converged at pressures above 0.7 MPa. » Above 0.58 kg/m?, the intensity ratio of 1(4)/I(1) converged to 0.49%, equivalent to the theoretical
(300 mm dia) Laser beam guide o cmandasitsize Hm > Additionally, the errors decreased with increasing ratio for I(1)/1(0) at 22.7 K, with the error meeting the 0.1% criterion.
Hydrogen sampling Error estimation pressure. » With a tenfold increase in p, the error of 1(4)/I(1) decreased by a factor of 0.1.
bottle (1 liters) )
. -Effect of the hvdrogen density on the error for 1(4)/1(1) 0 Additionally, we captured gaseous hydrogen under the equilibrium condition at 21.2 K from the J-PARC
- — 10' T T T T CMS.
[t — F © Error for 1(4)/1(1) of normal hydrogen | > The intensity ratio of I(1)/1(0) was measured to be 0.002670 £0.001076, where r = 0.002642 and o,
Raman—p,%,_e" . |3 ~1 = = Increasing the hydrogen density by a factor of ten £0.001065. . .
| il / E‘, E : resulted in approximately a tenfold reduction in the » The error of I(1)/1(0) agreed with a trend given by that of 1(4)/1(1) for normal hydrogen.
= ~ [ 0.1%
€ 1”‘5 e : error for 1(4)/1(1). Q It can be predicted that the ortho-to-parahydrogen fraction under the ESS CMS operational conditions
oS E ! . _ 3 can be measured with an accuracy better than £0.001%, because the density of liquid hydrogen is 129
‘f—_’ 104EFD Error for I(1)/1(0) of hydrogen :— Error = +0.105%. times higher than the density at 0.7 MPa and 293 K.
g F sampled from the J-PARC CMS (21.2 K) I . = 3 )
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