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FIRST SCI ENCE ON THE ESS IN STRU MENT SUITE

Andreas Schreyer

ESS Lund, Swe den

The Eu ro pean Spallation Source cur rently un der con struc -
tion in Lund, Swe den is de signed to be come the world‘s
most pow er ful neu tron spallation source, open ing up new
sci en tific op por tu ni ties.

An over view of the prog ress of the con struc tion pro ject
will be given, the time to start ing user op er a tion will be dis -
cussed and new sci en tific op por tu ni ties will be high lighted.
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Eu ro pean Spallation Source (ESS) is the world’s most
pow er ful neu tron source un der con struc tion in Lund (Swe -
den), which will of fer about 4000 beam days an nu ally to
sci en tists from Eu rope when built to its planned ca pac ity of 
22 in stru ments. Even with just the 15 in stru ments to be
built within the ESS con struc tion scope, ESS will greatly
in crease the ca pac ity of the Eu ro pean net work of neu tron
sources by open ing new op por tu ni ties for break through re -
search with neu trons thanks to the un prec e dented neu tron
beam bright ness ac com pa nied by world-class in stru men ta -
tion and novel ex per i men tal meth ods de vel oped for the
long-pulse neu tron source. 

The Czech Re pub lic be came one of the 13 found ing
mem bers of the ESS ERIC con sor tium in 2015 with the
planned 2% con tri bu tion to the ESS con struc tion, which
should en sure a pro por tional share of beam ca pac ity for
Czech us ers af ter ESS is put into op er a tion. This step is of
great im por tance for the Czech user com mu nity when con -
sid er ing the fad ing ca pac ity of neu tron sources in Eu rope:
sev eral re search re ac tors which used to serve our user com -
mu nity were shut down re cently, while oth ers are ap -
proach ing the end of their life time, in clud ing the re search
re ac tor LVR-15 in Øež and ILL Grenoble.  

In-kind con tri bu tions make a sig nif i cant part of the ESS 
con struc tion. The Nu clear Phys ics In sti tute, CAS (NPI) in
Øež has the task of im ple ment ing sev eral of these con tri bu -
tions:

The sup ply of sys tems for the ESS tar get sta tion in -
cludes the he lium cool ing loop, wa ter cool ing of the tar get

and HVAC (Heat ing, Ven ti la tion, Air Con di tion ing) of the
tar get sta tion build ing. These tech nol o gies have al ready
been de liv ered, and their in stal la tion is be ing fi nal ized. 

NPI, to gether with Helmholtz Zentrum Hereon in
Geesthacht, de vel ops and builds one of the neu tron scat ter -
ing in stru ments – the Beamline for Eu ro pean Ma te ri als En -
gi neer ing Re search (BEER). Ac cord ing to the cur rent
sched ule, BEER is sup posed to be ready for hot com mis -
sion ing in early 2024 and en ter into the user re gime dur ing
the ESS op er a tion ramp-up be tween 2025 and 2027. BEER 
has been de vel oped in co op er a tion with neu tron us ers from
the ma te rial re search and en gi neer ing ar eas. On the Czech
side, teams from the Fac ulty of Math e mat ics and Phys ics of 
the Charles Uni ver sity and the In sti tute of Phys ics, CAS,
largely con trib uted to the in stru ment con cept and ac tively
par tic i pated in the de vel op ment of a sam ple en vi ron ment
for in-situ mea sure ments and novel meth ods to be tested
dur ing early op er a tion. Such a col lab o ra tion is vi tally im -
por tant for a suc cess ful start of the user pro gram at BEER,
and neu tron us ers are en cour aged to col lab o rate with the
in stru ment team on the prep a ra tion of the early op er a tion
program.

The con tri bu tion of the Czech Re pub lic to the ESS con -
struc tion has been sup ported by the Czech Min is try of Ed u -
ca tion, Youth and Sports through the pro ject of large
in fra struc ture ESS Scan di na via-CZ (pro ject LM2018111)
and by EU Struc tural Funds (Reg. No. CZ.02.1.01/0.0/0.0/
16_013/0001794).
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The time-of-flight en gi neer ing diffractometer BEER [1]
(Beamline for Eu ro pean Ma te ri als En gi neer ing Re search),
which is un der con struc tion at the Eu ro pean Spallation
Source (ESS), will of fer new op por tu ni ties for in ves ti ga -
tions of micro struc tures, re sid ual stress evo lu tions and
in-situ phase trans for ma tions un der near-pro cess ing con di -
tions. The lay out of the in stru ment is de picted in Fig ure 1
and the ba sic pa ram e ters are listed in Ta ble 1. 

The con struc tion of the in stru ment is di vided into two
stages called Day-1 (col oured parts in Fig ure 1) and
Full-scope (white parts in Fig. 1). The Day-1 in stru ment
will pro vide re duced ca pa bil i ties mainly in the de tec tor
cov er age, SANS op tion and vari abil ity of chop per cas cade
but will be fully op er a tional and com pa ra ble with the cur -
rent en gi neer ing in stru ments world wide.

BEER com bines the high bril liance of the ESS source
with large in stru ment flex i bil ity. The diffractometer in -
cludes a novel beam-shap ing tech nique, the so-called mod -
u la tion tech nique (see Fig ure 2) [2]. By a time-en coded
ex trac tion of sev eral short pulses from the long ESS pulse,
a sub stan tial in ten sity gain of up to an or der of mag ni tude
com pared to a pulse shap ing method (one pulse ex trac tion)
for high-crys tal-sym me try ma te ri als can be achieved with -
out com pro mis ing the res o lu tion. More com plex crys tal
sym me tries or multi-phase ma te ri als can be in ves ti gated by 
the stan dard pulse shap ing method. The vari able chop per
set-ups and ad vanced ex tract ing tech niques [3] of fer broad
in ten sity/res o lu tion ranges that can be ad justed for the ex -
per i ment’s needs. This flex i bil ity opens up new pos si bil i -
ties for in-situ ex per i ments study ing ma te ri als pro cess ing
and per for mance un der op er at ing con di tions. 

Ad vanced sam ple en vi ron ments ded i cated to
thermo-me chan i cal pro cess ing are fore seen to ful fil this

Fig ure 1.  The BEER in stru ment sche matic lay out

In stru ment Class En gi nee ring Diffracti on

Mo de ra tor Bispectral

Pri ma ry Flight pa th 158 m

Se con da ry Flight pa th 2 m

Wa ve len gth Ran ge 0.8 – 6 C

Bandwid th 1.7 C

d-spa cing Ran ge 0.6 – 7 C

Pul se-Sha ping Mode

Re so lu ti on Dd/d 0.15 – 0.6 %

Flux at Sam ple at 2MW 0.18 – 1.4•108 n s-1 cm-2 

Mo du lati on Mode

Re so lu ti on Dd/d 0.1 – 0.3 %

Flux at Sam ple at 2MW 0.18 – 0.87•108 n s-1 cm-2 

Ta ble 1  - Ba sic facts about the BEER in stru ment
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task, e.g. a quench ing and de for ma tion dilatometer, and
var i ous deformation rigs. 
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Ti-15Mo METASTABLE b-Ti ALLOY AT ELEVATED TEMPERATURES
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Ti ta nium al loys have a plenty of ap pli ca tions in in dus try
and med i cine [1] due to unique com bi na tion of high
strength, low den sity and ex cel lent biocompatibility.

Ti-15Mo al loy is a metastable b-Ti al loy con taining w

(hex ag o nal) and a (hcp) pre cip i tates in b-phase ma trix.
Par tic u lar microstructure re sult ing from the heat treat ment
has a large im pact on me chan i cal prop er ties and ther mal
sta bil ity of the al loy. One of the tech niques able to de liver
bulk in for ma tion on the pre cip i tate evo lu tion di rectly at el -
e vated tem per a tures is Small-An gle Neu tron Scat ter ing
(SANS). V4 SANS fa cil ity of HZB Berlin [2] was used for
in ves ti ga tion of Ti-15Mo (wt.%) al loy. SANS data were
ac quired in-situ up to 600°C at three ori en ta tions of the sin -
gle crys tal sam ple – with <111>, <110> and <100> di rec -

tions of b-phase par al lel to the neu tron beam. The rate of 1
K/min was used for the in-situ heat ing dur ing SANS mea -
sure ment. The ori en ta tion of the crys tal in this case was

<110> di rec tion of the b-phase ma trix par al lel to the neu -
tron beam. 

Strongly anisotropic scat ter ing pat tern, more over
evolv ing with tem per a ture in crease, was de tected. Ob -
served 2D in ten sity dis tri bu tion at tem per a tures 400-530

°C orig i nated from iso ther mal prolate-sphe roi dal w pre cip -
i tates ar ranged on a sim ple cu bic-like grid. When heat ing

above 400 °C, the mean size and interparticle dis tance of w

par ti cles grad u ally increased. Ini tially, vol ume frac tion

times scat ter ing con trast of w-phase in creases up to 443 °C, 
and it then grad u ally de creases up to 530 °C.

In the tem per a ture range 531-538 °C, both w-phase or -

dered spher oids and a pop u la tion of a plates is needed to fit 
the ob served SANS pat terns well. Fig. 1 (left side) shows

an ex am ple with al ready well vis i ble a-phase streaks (near
the edge of the de tec tor), but with still pres ent ma jor part of
the scat ter ing (in clud ing interparticle-in ter fer ence max ima

near the de tec tor cen tre) orig i nat ing from the w spher oids.

Above 538 °C, no more scat ter ing from w par ti cles ex -
ists; nev er the less, the scat ter ing com ing from the pop u la -

tion of a plates re mains. More over, a sec ond type of streaks 
ap pears, which has ori en ta tion clearly dis tin guished from

the first ones caused by a plates. The two types of streaks in 
the scat ter ing pat tern can be seen in Fig. 1, right side. The
cause of the sec ond type of streaks can be a for ma tion of a

sec ond pop u la tion of a plates which has ori en ta tion clearly

dis tin guished from the first pop u la tion of a plates. The data 
were eval u ated and in ter preted us ing this hy poth e sis.

In the ini tial stage af ter their ap pear ance, the scat ter ing

in ten sity from both a-phase pop u la tions grad u ally in -

creases on tem per a ture in crease. Both a phase pop u la tions

Fig ure 2. Sim u lated time-of-flight dif frac tion pat tern of a du -
plex-steel for +90° de tec tor show ing the split ting of the Bragg re -
flec tions when mod u la tion tech nique is used [2].


