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Introduction
As the world’s leading center for neutron science, the 

,//�SURYLGHV�VFLHQWLVWV�ZLWK�D�YHU\�KLJK�À�X[�RI�QHXWURQV�
feeding some 40 state-of-the-art instruments which are 
constantly being developed and upgraded. In addition, 
the transport of neutrons to the different instruments is 
continually being adapted to the newest available tech-
QRORJLHV�WR�PD[LPL]H�WKH�DYDLODEOH�XVHIXO�QHXWURQ�À�X[�

6LQFH� WKH� GHYHORSPHQW� RI� PRGHUQ� KLJK� UHÀ�HFWLYLW\�
mirrors for neutrons, the philosophy of neutron transport 
has changed. In former times the same guide was usually 
shared between different instruments. This lead to rather 
important losses for the downstream instruments, at the 
gaps necessary for the installation of monochromators, 
because of transmission losses across monochromators 
and for other reasons, like e.g. misalignments or alumi-
num windows. Nowadays it is possible to collect a highly 
diverging neutron beam in primary guides, and, thanks 
to the proper choice of supermirror coating and guide 
geometry, to split them into several individual guides 
having the necessary radii of curvature to separate ad-
HTXDWHO\� WKH� GLIIHUHQW� EUDQFKHV�ZLWKRXW� VLJQL¿�FDQW� ORVW�
for a targeted neutron spectrum. Thus, dedicated neutron 
JXLGHV�DUH�FUHDWHG�WKDW�KDYH�DQ�RSWLPL]HG�JHRPHWU\�DQG�
wavelength spectrum for the individual instruments.

The H5 guide system at the ILL that was completely 
replaced in the last four years implemented successfully 
this new principle. Most of the work was performed dur-
ing the 10 months long shutdown in 2013/14 [1]. The 
JXLGH�V\VWHP�IHHGV�QHXWURQV�HPLWWHG�IURP�WKH�KRUL]RQWDO�
FROG� VRXUFH� ¿�OOHG�ZLWK� OLTXLG� GHXWHULXP� WR� WKH� VPDOOHU�
western guide hall of the ILL. In total, eight new or reno-
vated instruments are situated on the H5 guides: one in 
the reactor building and seven in the guide hall. The pres-
ent article will describe the main principles of the H5 
JXLGH� V\VWHP�DV�ZHOO� DV� WKH�¿�UVW� UHVXOWV� WKDW�KDYH�EHHQ�
REWDLQHG��$�FRPSDULVRQ�ZLWK�WKH�H[SHFWDWLRQV�IURP�JXLGH�
simulations will be shown at the end.

Technical overview of the new guide system
Primary guides

In the old H5 guide system, three guides were avail-
able to feed seven instruments. For the new guide sys-
WHP��VL[�LQGLYLGXDO�JXLGHV�DUH�FUHDWHG��SURYLGLQJ�QHXWURQV�
to eight instruments. Multiplying by a factor of two the 
QXPEHU�RI�JXLGHV�RSWLPL]HV�WKH�QHXWURQ�GHOLYHU\�V\VWHP�
for every instrument.

Three primary neutron guides could be installed in 
the pile. This was possible due to the use of a special 
element at the very beginning of the guide system, the 
so called “separator,” built in one piece from aluminum, 
SROLVKHG�DQG�FRDWHG�ZLWK�D�KLJK�UHÀ�HFWLYLW\�P� ���QHXWURQ�
mirror. As shown in the Figure 1, the separator consists 
of a 1 m long common part that allows the transport of a 
PD[LPXP�QXPEHU�RI�QHXWURQV�IURP�WKH�VRXUFH�WR�WKH�SDUW�
of the beam tube where there is enough space to separate 
into three individual neutron guides. The primary guides 
are called H51, H52 and H53. They will be described in 
more detail in the following paragraphs. At the separa-
tion of these guides, initial angles are applied to be able 
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Figure 1. The H5 separator element in the reactor pile. After a common 
section, the element is split into the three guides H51, H52 and H53. 
The common part of the separator has a length of 1 m and a section of 
120 mm (h) × 170 mm (w). The total length of the element is 2.75 m. 
© ILL. Reproduced by permission of ILL. Permission to reuse must be 
obtained from the rightsholder.  
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to separate the guides quickly. While H52 is parallel to 
WKH�+��D[LV��+���DQG�+���KDYH� DQ� DQJOH�RI������� DQG�
����� UHVSHFWLYHO\�� 7KH� JHRPHWU\� ZDV� FKRVHQ� LQ� VXFK� D�
ZD\�WKDW�DOO�WKUHH�JXLGHV�DUH�FRPSOHWHO\�¿�OOHG�ZLWK�D�QHX�
tron beam of angular divergence larger or equivalent to 
WKH�PD[LPXP�EHDP�GLYHUJHQFH�DFFHSWDEOH�IRU�WKH�GRZQ�
stream instruments. In the old guide system, the in pile 
element had been made of polished Ni, which has two 
major drawbacks: (i) the acceptance angle was reduced 
compared to the critical angles of state-of-the-art super-
mirror coatings and (ii) Ni was heated to several hundred 
GHJUHHV�GXH�WR�WKH�UDGLDWLRQ�LQ�WKH�SUR[LPLW\�RI�WKH�UHDF�
tor core (the in-pile part is in about two meter distance 
from the core). This temperature would not have been 
compatible with modern neutron mirrors. The use of an 
Al guide element, much more transparent to neutron and 
JDPPD�UDGLDWLRQ�SHUPLWWHG�WR�UHGXFH�WKH�PD[LPXP�WHP�
SHUDWXUH�WR�DURXQG�����&�LQ�D�ZRUVW�FDVH�VFHQDULR�ZLWK�QR�
conductive thermal coupling. This temperature is com-
patible with modern supermirror reliability. 

Secondary guides
The H51 neutron guide has been installed without 

DQ\�VLJQL¿�FDQW�FKDQJHV�ZLWK�UHVSHFW�WR�WKH�ROG�FRQ¿�JXUD�
tion. This guide was indeed already split in a “modern” 
ZD\�LQWR�WZR�VHSDUDWH�JXLGHV�ZLWK�D�P� �����VXSHUPLUURU�
FRDWLQJ�DQG�WKH�GLYHUJHQFH�SUR¿�OH�ZDV�DOUHDG\�RSWLPL]HG�
for the two instruments D22 (small angle scattering) 
and IN15 (spin echo spectrometer). All guide elements 
were realigned to restart the instruments with the optimal 
FRQ¿�JXUDWLRQ�DQG�WKH�PD[LPXP�XVHIXO�À�X[��$W�WKH�VDPH�
time, both instruments were upgraded: IN15 got a new 
VHW�RI�SUHFHVVLRQ�FRLOV�ZKLFK�LQFUHDVHG�WKH�¿�HOG�LQWHJUDO�
by a factor of 4 (see p. 15 in this issue). This improves 
the resolution and the sensitivity of the instrument and 
RSHQV�WKH�SRVVLELOLW\�IRU�QHZ�H[SHULPHQWV��'���REWDLQHG�
a new collimation system to improve the reliability of the 
instrument as well as a high-speed chopper adding a time 
RI�À�LJKW�RSWLRQ��7LPH�LQYROYHG�6$16���7,6$1(���,Q�DG�
dition, a biological shielding was added to allow mea-
surements with a white beam as an option.

The H52 neutron guide is the biggest neutron guide 
of the system. To be able to split it into three individual 
JXLGHV��LW�H[SDQGV�RYHU�WKH�¿�UVW����P�IURP�DQ�LQLWLDO�JXLGH�
section of 60 × 120 mm2 to 120 × 240 mm2� �P� � ����
This increase of the section reduces the huge beam di-
vergence from the beginning of the guide. Thus it is still 
IXOO\�¿�OOHG�DW�WKH�VSOLW�SRLQW�ZLWK�WKH�UHTXLUHG�GLYHUJHQFH�
to be transmitted to the instruments. The three individual 
guides then transport the neutrons into the guide hall. The 
separation is done by using three different radii to the 
left: 4000 m (H522), 1500 m (H521) and 800 m (H523), 

respectively. The smallest radius of curvature cuts off all 
neutrons with wavelength less than 4.5 Å. This neutron 
JXLGH�ZDV�RSWLPL]HG�WR�IHHG�QHXWURQV�WR�D�FU\RVWDW�ZLWK�
liquid He-4 inside to create very slow neutrons that can 
EH�VWRUHG�LQ�ERWWOHV��VR�FDOOHG�XOWUD�FROG�QHXWURQV��8&1���
The second guide with a radius of 1500 m is shared in 
the classical way between three instruments. It trans-
mits neutrons with wavelength greater than 3 Å and is 
XVHG�E\�WKH�GLIIUDFWRPHWHU�'����WKH�UHÀ�HFWRPHWHU�6XSHU�
ADAM and D50, an instrument for industrial applica-
tions using several different techniques. Both instru-
ments, D16 and Super ADAM, have been improved 
during the shutdown. D16 now has a new monochroma-
WRU�DQG�WKH�LQVWUXPHQW�KDV�EHHQ�RSWLPL]HG�IRU�WKH�JXLGH�
geometry (p. 22 in this issue). This leads to an impres-
sive boost in performance by one order of magnitude 
ZLWK� UHVSHFW� WR� WKH� SHUIRUPDQFH� EHIRUH� WKH� PRGL¿�FD�
tions. Super ADAM has been fully rebuilt from scratch 
DQG�WKH�¿�UVW�UHVXOWV�DUH�YHU\�SURPLVLQJ��VHH�S�����LQ�WKLV�
LVVXH���7KH�ODVW�QHXWURQ�JXLGH�IURP�+���¿�QDOO\�WUDQVSRUWV�
QHXWURQV�ZLWK�ZDYHOHQJWK� Ȝ� !� ��c� DQG� LV� XVHG� IRU� WKH�
new spin echo spectrometer WASP. Its installation will 
EH�¿�QLVKHG�LQ������

7KH�+���JXLGH�LV�D����P�ORQJ�P� ���JXLGH�WKDW�LV�RSWL�
PL]HG�IRU�D�WKUHH�D[LV�VSHFWURPHWHU��7K$/(6��SODFHG�LQ�
the reactor building (see p. 18 in this issue). It transports 
the required high divergence to the instrument with a 
EHDP�VL]H�RI����PP�î�����PP�OHDGLQJ�WR�D�FRQVLGHUDEOH�
LQFUHDVH�LQ�QHXWURQ�À�X[�DIWHU�WKH�GRXEOH�IRFXVLQJ�PRQR�
chromator, as compared to the old IN14. Thus very fast 
measurements have become possible which is particu-
ODUO\�LQWHUHVWLQJ�IRU�WKUHH�D[LV�VSHFWURPHWHUV�WR�EH�DEOH�WR�
scan different regions within a relatively short time frame 
IRU�DQ�H[SHULPHQW�

In Figure 2, there is a representation of the H5 layout 
IURP�WKH�UHDFWRU�WR�HQG�RI�WKH�JXLGH�KDOO�ZLWK�7K$/(6�
inside the reactor building and the seven instruments 
outside.

All new neutron guides make use of modern neutron 
mirror technologies. This leads on the one hand to the 
transport of more neutrons but on the other hand also to 
the creation of additional hard gamma radiation along 
the neutron guides. For the old guide system, concrete 
ZDOOV�ZLWK�D�WKLFNQHVV�RI����FP�ZHUH�VXI¿�FLHQW�WR�SURWHFW�
SHRSOH� DQG� VFLHQWL¿�F� LQVWUXPHQWV� IURP� WKH� UDGLDWLRQ� RI�
the neutron beams outside the core direct view. Now, we 
need to add typically 10 cm of lead to the concrete wall 
(or any equivalent material) to reach the same effect. This 
LQFUHDVHV��RI�FRXUVH�� WKH�FRVW�DQG�WKH�FRPSOH[LW\�RI�WKH�
SURMHFW�VLJQL¿�FDQWO\��,Q�DGGLWLRQ��WKH�À�RRU�ORDG�EHFDPH�DQ�
issue, as shielding weight is now close to the acceptable 
limit, especially inside the reactor building.
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Neutron transport simulations
7KH�+�� JXLGH� V\VWHP�ZDV� WKH� ¿�UVW� JXLGH� V\VWHP� DW�

the ILL that could be built completely from the source 
up to the different instruments using modern techniques. 
This made it possible to simulate the whole system in 
DGYDQFH�DQG�WR�RSWLPL]H�LW�JOREDOO\��WDNLQJ�LQWR�DFFRXQW��
RI�FRXUVH��WKH�JHRPHWULFDO�FRQVWUDLQWV�RI�H[LVWLQJ�HTXLS�
ment and minimum distances. The simulations were car-
ried out in different steps by several persons prior to the 
launch of the detailed studies and let to the prediction of 
WKH�H[SHFWHG�QHXWURQ�À�X[HV�IRU�WKH�GLIIHUHQW�LQVWUXPHQWV��

7KH�QHXWURQ� WUDQVSRUW� VLPXODWLRQ�VWDUWHG�RQ� WKH�¿�UVW�
meters of guide that is to say in the H5 beam tube, where 
ERWK� WKH� &ROG� 6RXUFH� DQG� WKH� JXLGH� ¿�UVW� HOHPHQW�� WKH�
separator, DUH�ORFDWHG��%\�WKH�FRQFXUUHQW�XVH�RI�0&13��
McStas [2,3] and SimRes [4,5], it has been possible to 
RSWLPL]H�WKH�VKDSH�DQG�GLVWDQFH�WR�WKH�QHXWURQ�VRXUFH�RI�
WKH�JXLGH�QRVH��0&13�ZDV�XVHG�WR�FDOFXODWH� WKH�GLYHU�
gence and energy spectrum of the neutrons moderated by 
the H5 &ROG�6RXUFH�ZKLOH�0F6WDV�DQG�6LP5HV�ZHUH�RSWL�
PL]LQJ�WKH�QHXWURQ�À�LJKW�SDWK�GRZQ�WKH�JXLGH��$V�XVXDOO\�
done at ILL, the beam intensity in a guide is scaled on 
gold foil activation�PHDVXUHPHQWV��,Q�WKH�FDVH�RI�+��À�X[�
SUHGLFWLRQV�� WKH� EHVW� À�X[� YDOXHV� RI� WKH� ROG�+����ZHUH�
used as reference points, as this guide was not planned 
WR�EH�VLJQL¿�FDQWO\�PRGL¿�HG��$�JUHDW�SDUW�RI�WKH�QHXWURQ�
EHDP� VLPXODWLRQ� DQG� RSWLPL]DWLRQ� FRQFHUQHG� +����$V�
H[SODLQHG� DERYH�� WKLV� ODUJH� JXLGH� IHHGV� WKUHH� UHJXODU�
beam lines: H521, H522, and H523. Strong efforts were 
SXVKHG�WRZDUG�WKH�RSWLPL]DWLRQ�RI�WKH�JXLGH�VSOLWWLQJ�LQ�
RUGHU�WR�KDYH�WKH�PRVW�DGDSWHG�À�X[�IRU�HDFK�LQVWUXPHQW��
This means not only the guide cross sections, but also 
their position with respect to the H52 curvature. One 
feature, for instance, is the vertical splitting of the beam 
between H522 and H523. The entrance of the latter is 

located in the inner side 
of the curvature which is 
adapted to the fact that it 
is dedicated to produce 
8&1V�XVLQJ���DQJVWURHP�
neutrons, while H522 is 
located in the outer side 
where the beam energy 
spectrum is more bal-
anced.

%HDP� À�X[� VLPXOD�
tion results are shown 
in Figure 3. It represents 
the neutron beam capture 
À�X[� LQWHQVLW\� �QHXWURQVÂ
s-1ÂFP-2) in the different 
renovated H5 guides as a 

function of the distance to the H5 cold source. For a given 
FRORXU��OLQHV�FRUUHVSRQG�WR�VLPXODWLRQV��LQÀ�HFWLRQ�SRLQWV�
are the computed values) while symbols correspond to 
gold foil measurements. The simulation of FDSWXUH�À�X[1

by McStas allows a direct comparison of the results with 
gold foils measurements. From the different values of 
)LJXUH����RQH�FDQ�VHH� WKDW� VLPXODWLRQ�DQG�H[SHULPHQWDO�
measurements are in reasonably good agreement, spe-
FL¿�FDOO\�DW�D�GLVWDQFH�DERYH����PHWHUV�IURP�WKH�+��FROG�
source. In the case of H511 for instance, the difference 
between calculations and simulations is in the % range. 
0RUHRYHU��IRU�D�PRUH�FRPSOH[�EHDP�OLQH�VXFK�DV�+�����
the simulation predicted the real values with an accuracy 
between 4% and 12%, which is remarkable considering 
the drastic evolution the guide and especially the in-pile 
parts were submitted to.

Figure 2. The H5 layout from the reactor to the end of the western guide hall ILL 22. © ILL. Reproduced by 
permission of ILL. Permission to reuse must be obtained from the rightsholder.

17KH�WHFKQLTXH�SURYLGHV�DQ�HTXLYDOHQW�À�X[�RI�QHXWURQV�DW�����c��WKHU�
mal neutrons).

Figure 3. H5 EHDP�À�X[�VLPXODWLRQ��OLQHV��DQG�JROG�IRLO�PHDVXUHPHQWV�
from November 2014 (points). © ILL. Reproduced by permission of 
ILL. Permission to reuse must be obtained from the rightsholder.
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Flux gain on the H5 instruments
,I�ZH�FRQVLGHU�QRZ�WKH�LQ�JXLGH�À�X[�HYROXWLRQ�DW�HQ�

trance of the eight instruments served by the H5 guide 
V\VWHP��ZH�REVHUYH�DQ�LQFUHDVH�RI�QHXWURQ�À�X[�IRU�DOO�RI�
WKHP��VHH�7DEOH�����)OX[�LQFUHDVHV�YDU\�EHWZHHQ�D�IDFWRU�
of 1.2 and 3.5 compared to the best values ever measured 
over the last 10 years, and 1.0 to 3.0 compared to the 
�����FRPPLVVLRQLQJ�PHDVXUHPHQWV��,Q�WKH�FDVH�RI�,1����
fed by H511, and D22, fed by H512, the guide geometry 
DQG�WKH�FRDWLQJ�HI¿�FLHQF\��P�YDOXH��RI�WKH�JXLGH�GLG�QRW�
change. The reasons of their respective recent improve-
ment (×1.6 and ×1.2) must be found in the change of few 
elements and in the remarkable efforts of the technical 
teams that worked on the realignment of the guide sec-
tions before the instrument. The beam intensity gain for 
Super ADAM, H521 line, comes from the combination 
of the suppression of guide cuts before the instrument, 
WKH�XVH�RI�PLUURUV�ZLWK�KLJKHU�UHÀ�HFWLYLW\�DQG��DV�LQ�WKH�
case of H511, the fresh alignment of the elements. The 
D16 GLIIUDFWRPHWHU�KDV�UHFRYHUHG�DQ�RSWLPL]HG�EHDP�JH�
RPHWU\��D�ODUJH�H[SHULPHQWDO�DUHD�DQG�EHQH¿�WV�IURP�D�UHQ�
ovated monochromator with new graphite crystals. The 
JDLQ�À�X[�XSVWUHDP�LWV�PRQRFKURPDWRU��î�����FRPHV�IURP�
the coating improvement in addition to the gain coming 
from the in pile section and guide realignment. In total, 
WKH�À�X[�DW�WKH�VDPSOH�SRVLWLRQ�KDV�LQFUHDVHG�E\�D�IDFWRU�
of 10 with respect to its provisory position on H5 (2007–
������DIWHU�WKH�PRYH�IURP�+���LQ�������)LQDOO\��WKH�À�X[�
DW�WKH�IXWXUH�('0�SRVLWLRQ�LV�QRW�\HW�PHDVXUHG�DW�WKH�H[�
tremity of the H523 guide. According to the simulations 

validated by an upstream measurement inside the guide, 
a total gain of a factor of 5 is predicted with respect to the 
ROG�SRVLWLRQ��)RU�WKH�XVHIXO�À�X[�DW�����c�WKDW�LV�XVHG�IRU�
the production of ultra cold neutrons a value of 1.0 × 108

n/Å/s/cm2��FDSWXUH�À�X[��KDV�EHHQ�FDOFXODWHG�

Conclusions
The H5 program with the complete rebuild of the 

guide system and the upgrade or renovation of all instru-
ments leads to a tremendous increase of the instrument 
performances. The improvement was obtained both in 
WHUPV�RI�PRUH�XVHIXO�À�X[�DQG�XSJUDGH�RI�WKH�GLIIHUHQW�LQ�
VWUXPHQWV��H�J��KLJKHU�¿�HOG�GHQVLW\�IRU�,1�����,Q�DGGLWLRQ��
the industrial application instrument D50 offers an addi-
tion to the ILL instrument suite (see p. 27 in this issue). 
With the commissioning of the new spin echo spectrom-
eter WASP in 2016, the H5 program will be completed 
and a considerable improvement for the ILL instrument 
SDUN�ZLOO�EH�¿�QDOL]HG�
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Measured at the 
end of the guide 
preceding each 
instrument

Recent best 
(10 years) 

before 
renovation

H5 - 1988 
commissioning 

H5 - 2015 
commissioning GAIN 

ref. 1988 ref. best 10y

(n/s/cm²)
IN15 3,12E + 09 1.64E + 09 4.95E + 09 3.0 1.6

2006 – 33.6 m 33.6 m 33.6 m
D22 1.34E + 10 1.60E + 10 1.61E + 10 1.0 1.2

2006 – 38 m 38 m 38 m
Super ADAM 4.90E + 09 9.10E + 09 1.53E + 10 1.7 3.1

2004 – 71 m 71 m 60 m  
D16  6.20E + 09 1.14E + 10 2.18E + 10 1.9 3.5

2007 – 66.3 m 66.3 m (EVA) 53.5 m
Th ales 2.00E + 10 2.77E + 10 4.82E + 10 1.7 2.4

2010 extrapol. 
at 19 m 19 m 17.4 m

Table 1��&DSWXUH�À�X[�JDLQ�RI�WKH�UHIXUELVKHG�+��LQVWUXPHQWV��DV�PHDVXUHG�DW�WKH�VHFRQGDU\�JXLGH�H[LW��MXVW�XSVWUHDP�PRQRFKURPDWRU��YHORFLW\�
VHOHFWRU�RU�DQ\�VSHFL¿�F�LQVWUXPHQW�HTXLSPHQW��JROG�IRLO�PHDVXUHPHQWV���3OHDVH�QRWH�WKDW�WKH�À�X[�IRU�('0�KDV�QRW�\HW�EHHQ�PHDVXUHG�DW�WKH�
H[WUHPLW\�RI�WKH�+����JXLGH�DQG�WKDW�'���DQG�:$63�DUH�QHZ�LQVWUXPHQWV��VR�WKH�À�X[�FDQQRW�EH�FRPSDUHG�WR�WKH�ROG�UHIHUHQFH���
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