
RASTI 4, 1–11 (2025) https://doi.org/10.1093/rasti/rzaf060 
Advance Access publication 2025 November 28 

The WEAVE-TwiLight-Survey: expanding WEAVE’s reach to bright and 

low-surface-density targets with a novel observing mode 

Thomas Hajnik ,1 ‹ Nicholas A. Walton ,1 Giuseppe D’Ago ,1 Piercarlo Bonifacio ,2 

Gavin Dalton ,3 , 4 Lilian Domı́nguez-Palmero ,5 , 6 Emanuel Gafton ,5 Mike J. Irwin ,1 Sergio Picó,5 
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A B S T R A C T 

Current-day multi-object spectroscopic surveys are often limited in their ability to observe bright stars due to their low surface 
densities, resulting in increased observational overheads and reduced efficiency. Addressing this, we have developed a novel 
observing mode for WEAVE (William Herschel Telescope Enhanced Area Velocity Explorer) that enables efficient observations 
of low-surface-density target fields without incurring additional overheads from calibration exposures. As a pilot for the 
new mode, we introduce the WEAVE-TwiLight-Survey (WTLS), focusing on bright exoplanet-host stars and their immediate 
surroundings on the sky. High observational efficiency is achieved by superimposing multiple low-target-density fields and 

allocating the optical fibres in this configuration. We use a heuristic method to define fields relative to a central guide star, which 

serves as a reference for their superposition. Suitable guide fibres for each merged configuration are selected using a custom 

algorithm. Test observations have been carried out, demonstrating the feasibility of the new observing mode. We show that 
merged field configurations can be observed with WEAVE using the proposed method. The approach minimizes calibration 

times and opens twilight hours to WEAVE’s operational schedule. WTLS is built upon the new observing mode and sourced 

from the ESA PLATO long-duration-phase fields. This survey will result in a homogeneous catalogue of ∼6300 bright stars, 
including 62 known planet hosts, laying the groundwork for future elemental abundance studies tracing chemical patterns of 
planetary formation. This new observing mode (WEAVE-Tumble-Less) expands WEAVE’s capabilities to rarely used on-sky 

time and low-density field configurations without sacrificing efficiency. 

Key words: Galactic Astronomy – Algorithms – Instrumentation – Multi-Object-Spectroscopy – Exoplanet Host Stars. 
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 I N T RO D U C T I O N  

e live in the age of exoplanet discoveries, and over the past few
ears the field has seen rapid advancements in detecting (e.g. W. J.
is is an Open Access article distributed under the terms of the Creative
h permits unrestricted reuse, distribution, and reproduction in any medium,
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Figure 1. Fraction of currently known host stars (NASA Exoplanet Archive, 
August 2024) that have been observed by APOGEE DR17 (Abdurro’uf et al. 
2022 ), grouped by magnitude bin. The total number of known exoplanet hosts 
is shown in bold above each bin. The number below indicates the number 
of observed hosts in APOGEE DR17 in that bin. Note the sharp decline in 
observations for magnitudes brighter than 11 (to the left of the dashed line). 
This reflects the low sky densities of bright stars, which result in higher 
observational overheads. 
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orucki et al. 2010 ; G. R. Ricker et al. 2014 ; H. Rauer et al. 2025 )
nd characterizing planets (e.g. V. Adibekyan et al. 2021 ; A. Bonsor
t al. 2021 , N. Madhusudhan et al. 2023 ) as well as their host stars.
odern exoplanet detection missions, such as TESS (G. R. Ricker

t al. 2014 ) and PLATO (H. Rauer et al. 2025 ), provide the most
ccurate stellar and planetary parameters for stars with V ≤ 11 mag.
o better understand the exoplanet population in terms of occurrence
ates, planet types, system architectures, and the potential effects
f the immediate stellar and Galactic neighbourhood, large and
omogeneous spectral data sets are essential for enabling meaningful
tatistical investigation. 

However, the observation of bright stars ( V ≤ 11 mag) comes with
ignificant observational overheads for multi-object spectroscopy
urveys, due to their low on-sky number densities, compared to
tars at fainter magnitudes. This is apparent when plotting the
raction of currently known exoplanet hosts that are part of APOGEE
R17 (APOGEE hereafter, Abdurro’uf et al. 2022 ), grouped by

heir respective magnitudes (see Fig. 1 ). The sharp decline in the
umber of observations for targets V ≤ 11 mag, apparent in Fig.
 , is due to said operational overheads. In addition, the large
ifferences in required exposure times between bright and faint
argets renders simultaneous observations inefficient, as avoiding
aturation of the bright sources within the field of view demands
any short exposures. This increases the total detector readout time

nd reduces overall efficiency. 
The above underscores the need for efficient, large-scale multi-

bject spectroscopic follow-up surveys to build up a representative
ample of bright host stars. An important additional benefit of such
urveys is the ability to identify and reject false positives, such as
pectroscopic binaries, which can produce radial velocity signatures
hat mimic those of planetary companions. 

To address this, a low-density/bright-star mode has been developed
or the new WHT (William Herschel Telescope) Enhanced Area
elocity Explorer (WEAVE: G. Dalton et al. 2012 , 2016 ; S. Jin
t al. 2024 ). This novel observing technique combines multiple
ASTI 4, 1–11 (2025)
bservational fields into a single fibre configuration, enabling rapid
equential observations without reconfiguring the fibres. The ap-
roach avoids additional calibration exposures between pointings
nd has been successfully tested for field offsets of up to ∼15◦,
ignificantly enhancing observing efficiency at low surface densities.

The new setup acts as the foundation for the WEAVE-TwiLight-
urvey (WTLS), focusing on bright exoplanet host stars and their

mmediate surroundings on the sky ( ∼2◦–5◦ deg). We introduce
his pilot survey to enable evaluation of the new mode during daily
perations while generating a homogeneous, high-precision data set
f chemical abundances and stellar parameters, for approximately
300 stars with magnitudes in the range 6 ≤ V ≤ 11 . 5. WTLS is
rimarily defined as a twilight survey in order to minimize disruption
o ongoing and planned WEAVE surveys, as well as open-time
rogrammes. However, we believe that the novel approach has great
otential for night-time implementation, for reasons provided later
n this paper. 

In Section 2 of this work, we focus on the need for a low-
arget-density observing mode for WEAVE, followed by a detailed
escription of the WEAVE-TwiLight-Survey input catalogue (see
ection 3 ), the creation of merged field configurations (Section 4 ),
nd its final on-sky fields in Section 5 . A preliminary look into data
rom recent test observations is given in Section 6 . We conclude with
 short summary and future outlook in Section 7 . 

 A  LOW-DENSITY  A N D  B R I G H T  STAR  

BSERV I NG  M O D E  F O R  W E AV E  

EAVE is optimized to observe targets in the magnitude range 12 ≤
 ≤ 20 with numerous sources per field, resulting in approximately
000 spectra for each observing block (OB) in its multi-object-
pectroscopy (MOS) mode. MOS offers a low- and high-resolution
bserving mode with a spectral resolution of ∼5000 and ∼ 20 000,
espectively. High-resolution data can be gathered using either the
lue1 or blue2 spectrograph mode (see S. Jin et al. 2024 ), with blue1
overing 4040 to 4650 Å and blue2 covering 4730 to 5450 Å. Both
ettings come with additional coverage towards longer wavelengths
 red ) from 5950 to 6850 Å. In this paper, we exclusively focus on
he fibre-fed multi-object-spectroscopy high-resolution mode (MOS
R). For additional information on other setups (e.g. low resolution

nd IFU) and WEAVE’s survey strategy, we refer to S. Jin et al.
 2024 ). A technical overview of WEAVE can be found in G.
alton et al. ( 2016 ). Data recorded with WEAVE is subsequently
rocessed using the Core Processing System (CPS), responsible
or wavelength calibration, telluric correction, sky subtraction, and
tacking of individual exposures. Next, the data are fed to WEAVE’s
dvanced Processing System (APS), handling target classification

nd parameter inference. For stellar data this entails the inference of
adial velocities, main stellar parameters ( Teff , log g, [Fe/H], [ α/H]
nd vmicro ) and in some cases atmospheric chemical abundances. 

As mentioned above, WEAVE is optimized to observe targets
ith V ≥ 12 mag. However, for sources brighter than V = 11
ag, the average on-sky number density drops to roughly 20

tars deg−2 (e.g. A. I. Zakharov et al. 2013 ). In contrast, stars of
agnitude V = 12 . 5 reach densities of about 100 stars deg−2 . This

harp decline significantly reduces observational efficiency. Before
resenting a new observing mode addressing this problem, a brief
echnical overview of regular WEAVE observations and the critical
omponents involved is given below. 
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Table 1. Field centre coordinates for PLATO ’s Long-duration Observation 
Phase (LOP) fields taken from V. Nascimbeni et al. ( 2022 , 2025 ). The 
WEAVE-TwiLight fields share these centre coordinates and extend the 
PLATO fields using bright stars from Gaia DR3. Please note that only a 
small fraction of the southern LOP targets are accessible to the WHT. 

LOP field α (ICRS) δ (ICRS) l (IAU 1958) b (IAU 1958) 

North 277 .18023◦ 52 .85952◦ 81 .56250◦ 24 .62432◦
South 95 .31043◦ −47 .88693◦ 255 .93750◦ −24 .62432◦
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.1 Overview of regular WEAVE observations 

EAVE has a circular field of view, covering an on-sky area of
π deg2 at the telescope’s prime focus. Inside the fibre positioner 

nit, a field plate is mounted in the image plane of the focus
orrector. Two Cartesian robots place optical fibres onto this plate, 
ligning them precisely with the light paths of individual targets. The 
nstrument employs two separate field plates (plates A and B) that 
re used interchangeably, one observing while the other undergoes 
bre configuration. The plates are mounted on opposite ends of 
 cylindrical structure that can be rotated, allowing the fields to 
lternate between observing and fibre-placement positions, a process 
eferred to as ‘tumbling’. 

WEAVE utilizes two types of optical fibres: science and guide . The
rst are standard MOS (multi-object spectroscopy) fibres, subtending 
.3 arcsec on the sky, and are used for both science and calibration
easurements (S. Jin et al. 2024 ). Guide fibres are coherent imaging

undles with a diameter of 4.5 arcsec, feeding signals to the CCD of
he autoguider system and assisting in target acquisition and pointing 
orrection during exposure. At least three guide fibres per field are 
equired to ensure successful observations. 

To find an optimal fibre configuration, WEAVE employs the 
oftware CONFIGURE (D. L. Terrett et al. 2014 ). Within its design,
ONFIGURE supports multiple fields per configuration to accommo- 
ate dithering strategies for WEAVE’s Integral Field Unit modes 
LIFU and mIFU, see S. Jin et al. 2024 ). This feature is key
o our newly developed observing strategy, outlined in Section 3 . 

EAVE’s standard observing mode leads to one observed field per 
ointing. Once the exposures are complete, the field plate cylinder is
otated to bring the alternate field plate into position. The tumbling 
rocedure takes about 90 s and results in a fibre slit change, requiring
ew calibration exposures to correct for possible variations in slit 
ositioning repeatability. In this scenario, high observing efficiency 
s achieved by maximizing the number of targets per field, allowing a
arge number of measurements to be taken at each pointing, keeping 
bservational overheads at a minimum. 

.2 Addressing low-surface-density field constraints 

he above has a significant negative impact on the efficiency 
ith which low-surface-density fields (e.g. bright stars) can be 
bserved, as each new field requires tumbling the positioner and 
dditional calibration exposures, yet yields relatively few targets 
 ∼ 30) compared to high-density OBs ( ∼1000). This inevitably leads 
o a preference for fainter sources. To avoid saturation at the bright
nd of the observed magnitude range, pointings should be split into 
ultiple exposures. Although it is theoretically possible to observe 

argets spanning several orders of magnitude on the same plate, the 
ncreasing number of exposures required to prevent saturated pixels 
ntroduces additional overheads due to readout times. For WTLS, the 
dopted magnitude range (6 ≤ V ≤ 11 . 5) was successfully tested 
y exposing each test field three times (see Section 6 ). Except for
 very small subset of WTLS fields, the brightness range within a
ingle pointing spans 2.5 magnitudes on average. In merged field 
onfigurations of bright targets, cross-talk remains minimal because 
heir low surface densities make it unlikely for two stars to occupy
djacent slit positions. In such cases, the measured cross-talk is ∼ 1 
er cent at the detector centre. For higher density fields, exposure 
imes and magnitude ranges must be selected more carefully. 

To overcome the inefficiencies described above and extend 
EAVE’s capabilities to brighter magnitudes, a new operational 
ode, WEAVE-Tumble-Less (WEAVE-TL), has been developed. It 
mploys a novel OB-preparation and observing strategy that allows 
ultiple fields to be set up and observed with a single fibre configura-

ion. This is enabled by superimposing (i.e. merging) individual fields
n reference to a central guide star (see Section 4 ), creating a merged
eld configuration, referred to as a ‘field-batch’ hereafter. The two 

imiting factors of this technique are the availability of operational 
uide fibres and the distribution of guide stars in the fields, both of
hich must be taken into account in the field definition process. 
For the WEAVE-TL mode, both CONFIGURE (D. L. Terrett et al.

014 ) and the Observatory Control System (OCS; S. Picó et al.
018 ) software have been adapted to allow the telescope to move to
 new set of targets without requiring the fibre positioner to tumble.
nly data from the guide fibres relevant to each field are sent to the

utoguider software at each pointing, enabling field acquisition and 
uiding. Test observations have shown that WEAVE-TL OBs are on 
verage 20 per cent faster to execute than observing the same fields
sing the regular mode. 

 T H E  WEAV E-TWI LI GHT-SURVEY  I NPUT  

ATA L O G U E  

he starting points for the WEAVE-TwiLight input catalogue are 
he northern and southern PLATO Long-duration Observation Phase 
LOP) fields (LOPN and LOPS, see Table 1 ). These fields are
erived from Gaia (Gaia Collaboration 2016 ) stars and subject to
ltering according to M. Montalto et al. ( 2021 ) and V. Nascimbeni
t al. ( 2022 , 2025 ). M. Montalto et al. select FGK and M stars
 V ≤ 16 mag) using cuts in reddening-corrected colour-magnitude 
iagrams, informed by Galactic simulations and observations. To 
nsure detectability, the authors refine their sample to meet PLATO’s 
hotometric noise requirements (e.g. < 50 ppm h−1 ) and derive 
tellar parameters ( Teff , radius and mass), in order to minimize
ontamination and metallicity bias. As WTLS is planned as a twilight
urvey, the PLATO LOP fields were restricted in visual magnitude to
tars fulfilling 6 ≤ V ≤ 11 . 5 mag (corresponding to approximately
 . 8 ≤ GGaia ≤ 10 . 6 mag). For this, F, G, and K stars, as defined
y the PLATO input catalogue parameter sourceFlag (version 
IC2.0 ) are selected. To further enhance the final target yield, we
raw a circle with a radius of 36◦ in Galactic coordinates centred
n each LOP field. This circle is then filled with stars from the
aia archive, covering magnitudes from 6 ≤ GGaia ≤ 10, with the 

ollowing flags: parallax over error < 5, absolute pmra, 
nd pmdec < 50 mas yr−1 . This ensures good quality parallax
easurements and excludes high-proper-motion stars. The result 

re two catalogues ( proto catalogues hereafter), from which the 
EAVE-TwiLight fields are subsequently derived (see Fig. 2 ). Here, 

he footprint of PLATO ’s LOPN and LOPS fields can be seen in red.
In Fig. 2 , known planet hosts and candidates are depicted with

lack circles and diamonds, respectively, by cross-matching the LOP 

elds with the TESS Objects of Interest (TOI) catalogue (NExScI 
RASTI 4, 1–11 (2025)
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Figure 2. Sky projection of the proto catalogues after applied magnitude cuts (see Section 3 ) in equatorial coordinates, constituting the superset from which 
the northern and southern WEAVE-TwiLight fields are derived. Red stars are part of the PLATO Long-duration Observation Phase (LOP) fields (V. Nascimbeni 
et al. 2022 , 2025 ). Black circles and diamonds signify known exoplanet hosts and candidates, respectively. For orientation the Kepler FOV is overlaid in dark 
blue . 
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4

T  
022 ) and the STELLAR HOSTS table 1 from the NASA Exoplanet
rchive (R. L. Akeson et al. 2013 ). Sources in the cross-match

hat had a TOI TFOPWG Disposition flag equal to ‘PC’ were
eemed host candidates. Sources with a flag value ‘KP’ were marked
s known planetary hosts. To maximize their number, a second cross-
atch with the NASA Exoplanet Archive PLANETARY SYSTEMS

ata set 2 was performed. After dropping all hosts stars with a
ontroversial planet flag ( pl controv flag ) value equal to 1, the
orthern and southern proto catalogues contain 92 and 62 confirmed
xoplanet hosts, respectively. Note that due to the magnitude cuts
entioned above, these numbers are smaller than in the original
LATO LOP fields. 
To enable the new observing mode, individual WTLS fields

pointings) are defined with respect to suitable central and off-centre
uide stars, as detailed in the following Sections ( 4.1 and 4.2 ). 

 C R E AT I N G  M E R G E D  FIELD  

O N F I G U R AT I O N S  

he ability to create merged field configurations is entirely dependent
n the availability of usable guide stars in the selected input set.
specially during twilight, the possible field coverage is a function
f the on-sky distribution of guide stars that are bright enough to
e distinguished from the background sky signal. As a result, the
eld definition process is inherently connected to this distribution.
his is further complicated by sky brightness variations of several
agnitudes during twilight, as detailed below. To mitigate this, while

lso ensuring optimal field distribution and science target yield,
ASTI 4, 1–11 (2025)

 https://exoplanetarchive.ipac.caltech.edu/cgi- bin/TblView/nph- tblView? 
pp=ExoTbls&config=STELLARHOSTS 
 https://exoplanetarchive.ipac.caltech.edu/cgi- bin/TblView/nph- tblView? 
pp=ExoTbls&config=PS 

p  

u  
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M

S

 subset of bright stars from the WEAVE guide catalogue with
agnitudes 14 ≤ V ≤ 15 mag is added to the input set. 
This range satisfies the brightness constraints of the guiding

amera and ensures that individual guide stars differ by no more
han one magnitude, enabling accurate acquisition and guiding.

easurements taken at the WHT between April 2024 and April 2025
ndicate that the mean V -band surface brightness during twilight
civil, nautical, and astronomical) ranges from μV ∼ 16 to 22 mag
rcsec−2 . Given the relatively bright guide stars ( V ∼ 14 . 5 mag) used
or WTLS, and all science targets falling in between V = 6 and 11.5
agnitudes, observations can begin shortly after sunset with good

ky subtraction still being possible. 
To enable the new observing mode, each of the individual fields

eed to be centred on one of the guide stars to enable their superpo-
ition. As mentioned above, every field in a batch must contain three
uide stars in total. This requires two off-centre (secondary) guide
tars per field in addition to the central one. Unlike the central guide
bre, the fibres placed on secondary guide stars cannot be shared
cross a field-batch. To accommodate these constraints, the creation
f field-batches is divided into two steps: field definition and guide
bre allocation. 

.1 Field definition 

he first problem is mathematically akin to a geometric set cover
roblem, where the largest possible set of points must be covered
sing a minimum number of circles . In this particular instance,
he circle centres must be placed solely on available guide stars.

athematically, this can be written as 

 ⊇ G, T with G �= T , (1) 
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Figure 3. Regions accessible by guide fibres are indicated by dashed lines. 
Note that the allocation process used for WEAVE-TwiLight restricts the fibre 
reach to the end of each dashed cone to prevent fibre crossings. The numbers 
along the fibre gates ( black dots) represent the fibre IDs for individual guide 
fibres on plate B. For plate A, the geometry remains the same. At the time the 
WTLS fields were defined, the following guide fibres were not in operation, 
plate A: 879; plate B: 249. 

fi
S  

p  

p

4

I
b  

b  

p  

g  

i  

g  

a  

±  

f  

t
t

 

fi  

v
w  

a  

r  

t  

fi  

t
u  

t
a
f  
here S is the total set of stars, with G being guide stars added to
he science target catalogue T . Further, we let 

S = { si | i = 1 , 2 , ...n } 
G = { gj | j = 1 , 2 , ...m } , n, m ∈ N , 

(2) 

here si = ( R Ai , D ECi ) and gj = ( R Aj , D ECj ). The set of circles
ith radius r , around every guide star in S is defined as 

 = { Ck | k = 1 , 2 , ...l} , l ∈ N , (3) 

ith each circle given as 

k ( gj , r) = { si | d( gj , si ) < r} , (4) 

here d( gj , si ) is the on-sky angular distance between a central guide
tar gj and a target star si . In the ideal case, the solution lies in finding
he smallest subset C ′ ⊆ C that covers the whole of S, therefore 

minimize | C ′ | 
subject to 

⋃ 

Ck ∈ C′ 
Ck = S. (5) 

he real world condition is less strict, as due to the on-sky distribution
f stars and brightness constraints, perfect coverage is difficult to 
chieve. It can thus be written as 
⋃ 

Ck ∈ C′ 
Ck � S. (6) 

ince it is not possible to completely cover a surface with non-
verlapping circles, the offset parameter α ∈ R 

+ is introduced. It can 
e controlled by the user and regulates the allowed distance between 
ndividual circle centres, maximizing the overall number of stars in 
he fields. Letting gi , gj ( i �= j ) be the centres of Ck and Cl ( k �= l),
he overlap can be constrained by 

( gi , gj ) ≥ α. (7) 

ncorporating the above into equation ( 4 ) we find 

k ( gj , r) = { si | d( gj , si ) < r ∧ d( gi , gj ) ≥ α} . (8) 

hanging α allows fine-tuning the outcome by restricting the number 
f circles that will be placed onto the set. 
To solve the above for the best possible configuration while 

eeping computational times minimal, a heuristic approach has been 
hosen, using a so-called greedy algorithm (e.g. S. Curtis 2003 ). 
irst, the guide stars are sorted in descending order of brightness,
nsuring that only the brightest ones are used as centre points. The
lgorithm then places a 1◦ radius circle around the brightest guide star 
nd checks for overlaps with other circles. In the first iteration, this
heck will always pass, and the circle, including all stars within, 
ecomes the first field. In subsequent iterations, new circles are 
laced around the remaining guide stars, again checking for the 
verlap condition given by equation ( 7 ). If a new circle violates this
onstraint, the algorithm moves to the next iteration. Each time a 
ircle satisfies the condition, it becomes a new field, and its stars are
emoved from the remaining set. The algorithm terminates when no 
tars remain in the initial set. Using this method, an overall catalogue
overage of ∼ 97 percent has been achieved. 

Subsequently, individual fields are grouped into field-batches 
ased on their proximity, resulting in up to three fields per batch.
his number is limited by the availability of guide fibres. At the

ime the WTLS fields were defined, seven of the eight guide fibres
n each field plate were operational. The number of operational 
uide fibres has since increased, as all previously broken fibres 
ave been repaired. This will improve the coverage of merged 
eld configurations in future iterations of WTLS, as discussed in 
ection 4.3 . By defining fields around a central guide star, it is now
ossible to overlay all fields in a batch using their centre as a reference
oint. 

.2 Guide fibre allocation 

n each field-batch, off-centre guide fibres must not be shared 
etween fields, and therefore guide fibre IDs have to be assigned
efore the science fibres can be configured. WEAVE has two field
lates onto which fibres can be deployed, each with eight designated
uide fibres. The geometry of the problem for field plate B is shown
n Fig. 3 . Note that the geometry remains the same for plate A. The
uide fibre gates (black dots) are located around the field plate at
ngles 0 to 2 π in π/ 4 rad intervals. Each fibre can reach a region
13 . 8◦ from its gate up to the field centre (grey, dashed lines). This is

urther restricted to the region outside the grey dashed circle, in order
o provide a better acquisition and guiding solution while avoiding 
he crossing of off-centre guide fibres. 

The numbers next to the fibre gates correspond to their respective
bre IDs. A custom algorithm has been developed to solve for a
alid configuration of guide fibres. The algorithm first assigns stars 
ithin reach of the guide fibres the fibre IDs of those guide fibres. If
 star is only assigned one fibre ID, it retains this ID, which is then
emoved from the pool of available IDs. If multiple stars are assigned
he same fibre ID, then the brightest star is selected for that guide
bre. After each successful allocation, the list is updated to reflect

he current number of available guide fibres. The process continues 
ntil the number of fibres in the list does not change with respect
o the previous allocation. This corresponds to either a completely 
llocated field-batch (one central and two off-centre guide fibres 
or each field) or to a situation where no remaining guide fibre can
RASTI 4, 1–11 (2025)

art/rzaf060_f3.eps


6 T. Hajnik et al.

R

Figure 4. Merging of two fields on the sky onto the WEAVE field plate. Filled and empty diamonds ( black & red ) depict central and off-centre (secondary) 
guide stars, respectively. Left and centre panels: on-sky fields from the WEAVE-TwiLight-Survey input catalogue. Right: the mirrored projection onto the field 
plate. 
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each a guide star, resulting in an insufficiently allocated field. In
he final step, each field-batch is assigned a central guide fibre from
he remaining set of guide fibres, which is then shared between the
ndividual fields. 

An example of a merged field configuration with allocated guide
bres can be seen in Fig. 4 . Here, diamonds depict the allocated
entral (black, filled-in) and secondary (black/red) guide stars. The
ightmost panel shows the superimposed fields on the WEAVE field
late, taking into account projection and mirroring effects. Fields
ith sufficient guide fibre allocations are then handed to CONFIGURE ,
hich assigns science fibres to each target, completing the field

onfiguration. 

.3 Dependence on target number density and available guide 
bres 

he result of the method outlined above is a function of the location
f the fields with respect to the Galactic plane and the number of
perational guide fibres for a given field plate. For fields located
igh above the plane, the number of available guide stars is lower,
s the overall number density of stars per π deg2 decreases in this
irection. Therefore, fewer suitable guide stars become available.
dditionally, the number of operational guide fibres significantly

mpacts the number of fields that can be successfully observed using
he new mode. 

Both above-mentioned aspects become apparent when examining
ig. 5 , where the guide star number density per π deg2 (panel a,
pper-left) is compared with the guide fibre allocation status for
ach field under varying numbers of available guide fibres (remaining
anels). Fields with sufficient guide fibre allocation (one central, two
ff-centre) are shown as green circles, while empty circles represent
elds where the procedure was unsuccessful. It is clearly evident

hat the availability of more guide fibres significantly improves field
overage. This can be further improved by relaxing the brightness
onstraints on the guide star set, although this is not practical in
wilight conditions, where stars brighter than the sky background
re essential for target acquisition and guiding. When considering
ainter magnitudes, the availability of more guide stars per unit area
s expected to significantly improve guide fibre allocation. This is
specially important for potential night-time surveys employing the

EAVE-Tumble-Less mode. 
ASTI 4, 1–11 (2025)
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EAV E-TWI LI GHT-SURVEY  

s mentioned above, at the time the final WTLS fields were defined
oth WEAVE field plates had seven operational guide fibres. Since
ach field within a field-batch requires two off-centre guide fibres
nd one central guide fibre, a total of seven guide fibres allows three
eparate fields to be observed with the same fibre configuration. Eight
uide fibres do not permit an additional field due to the constraints
escribed above, while six guide fibres would limit each batch to
nly two fields. However, the overall number of fields with sufficient
uide fibre allocation increases with the number of guide fibres in
peration, as shown in Fig. 5 . This is because a greater number of
vailable guide fibres allows for more geometric configurations in
hich guide stars fall within fibre reach (see Fig. 3 ). In our case, the
ethod produced 1400 fields with sufficient guide star coverage (see
ig. 5 , panel c), containing ∼ 60 000 potential science targets. 
This number is much larger than what can realistically be observed

uring a WEAVE open-time program, prompting us to select only
eld-batches that contain at least one known exoplanet host and a
election of additional targets within the Kepler field (see Fig. 6 ).
hese were then further split into the following two priority classes:

(i) Field-batches with targets observed by APOGEE 

(ii) Batches containing targets without APOGEE coverage 

WTLS will be among the first high-resolution MOS surveys
onducted with WEAVE. Therefore, priority has been given to stars
ith APOGEE coverage to enable direct comparisons with existing
ata. This will extend the wavelength coverage into the optical
or a large fraction of the targets and support internal calibration
fforts for both WEAVE and PLATO . In addition to the 1279 WTLS
argets with APOGEE coverage, we cross matched our catalogue
ith stars observed by MELCHIORS (11 targets; P. Royer et al.
024 ), LAMOST (583 targets; G. Zhao et al. 2012 ), and RAVE
118 targets; M. Steinmetz et al. 2006 ). These overlaps will further
id the validation efforts of the WEAVE stellar-analysis pipeline. It
hould be noted that in the southern portion of the fields accessible
o the WHT, no stars with APOGEE coverage could be identified. It
as therefore decided to assign priority 1 to all batches containing
lanetary hosts and priority 2 to the remainder. 
The final science target yield per priority class after applying the

bove selection cuts is listed in Table 2 . It is evident that the number of
argets varies slightly depending on the field plate to which the fields

art/rzaf060_f4.eps
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Figure 5. Panel (a): guide star number density per π deg2 ( GGaia ∼ 14 . 5 mag) in the northern WEAVE-TwiLight proto field (see Fig. 2 , left panel). Panels (b), 
(c), and (d): green circles show WEAVE pointings for which guide fibres could be successfully assigned (one central and two off-centre guide stars), allowing 
for autoguiding. Empty circles depict fields where the algorithm was not able to determine a viable allocation. In the bottom left corner of each panel, the number 
of fields with sufficient guide coverage ( Nsufficient ) is given. Note that the above represents allocation results under twilight conditions. At nighttime, the number 
of viable guide stars increases significantly, allowing for field coverage of up to ∼ 95 per cent with eight guide fibres. 

Figure 6. The northern ( left panel) and southern ( right panel) WEAVE-TwiLight fields derived for WEAVE’s field plate A (on-sky projection in RA, Dec 
coordinates). 1st and 2nd priority classes, as defined in Section 5 are shown as red and grey circles, respectively. Known planetary host stars (NASA Exoplanet 
Archive and TESS Objects Of Interest) are depicted as black triangles, candidate hosts as black diamonds. To ease orientation, the Kepler field-of-view is shown 
in dark blue . 
RASTI 4, 1–11 (2025)
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Table 2. Number of fields and science targets in each priority class for the 
northern and southern WTLS fields. The varying number of allocated science 
targets between field plates reflect the guide fibre availability at the time 
the WTLS fields were defined. Since the operational guide fibres occupied 
different positions on each plate, some field batches provide sufficient guide 
fibre coverage for one plate but not necessarily for the other. 

Priority class 1 2 1 + 2 

Fields Plate A 104 101 205 
# north 3127 2342 5469 
# south 170 645 815 
Total nr. of targets 6284 
Fields Plate B 105 106 211 
# north 3177 2479 5656 
# south 122 514 636 
Total nr. of targets 6292 
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ave been allocated. This is due to the fact that the positions of the
noperative guide fibres are different for each field. This means that
ome guide stars accessible to the guide fibres of plate A cannot be
eached by the guide fibres of plate B. To allow maximum flexibility
uring observations, OBs with configured fibres for both field plates
ill be submitted to the telescope. For plate A, Fig. 6 shows the final
elds for WEAVE-TwiLight as red and grey circles for the priority
lasses 1 and 2, respectively. Known exoplanet hosts in the sample
re indicated by black triangles, while candidate hosts are shown as
iamonds. The field distribution on the sky for plate B is illustrated
n Fig. A1 . To aid orientation, the Kepler field-of-view is shown in
ark blue. Distributions (Kernel Density Estimates, KDE) of Gaia
agnitudes for WTLS fields are plotted in Fig. 7 . In total, the final
elds contain 62 confirmed exoplanet host stars. 
This provides a solid foundation for future efforts to character-

ze thousands of exoplanet hosts, including targets in the TESS
ontinuous-viewing zone and those expected from the upcoming
ourth Gaia data release (A. Sozzetti 2023 ). Over time, this will
ield a robust spectroscopic data set, enabling detailed studies of
hemical abundance patterns linked to planet formation. 

To enable this, WTLS will use WEAVE’s HR blue2 mode, provid-
ng good coverage of the key Magnesium I triplet lines (5172.68 Å,
183.60 Å). Mg is a near-pure α-element produced predominantly
n core-collapse supernovae. As a result, high [Mg/Fe] ratios are
haracteristic of older, α-enhanced thick-disc stars, whereas lower
Mg/Fe] values are typical of younger thin-disc populations (e.g. L. I.

ashonkina et al. 2019 , M. Tsantaki et al. 2025 ). These population
ifferences are reflected in exoplanet properties. For example, V.
dibekyan et al. ( 2015 ) note that low-mass planet hosts show a

endency toward a higher [Mg/Si] ratio, compared to stars without
ASTI 4, 1–11 (2025)

igure 7. Gaia magnitude distributions (KDE) for the WEAVE-TwiLight-Survey
espectively. The vertical lines on the bottom illustrate individual magnitude values
lanets, after controlling for overall metallicity trends. More recently,
. Behmard et al. ( 2025 ) found an inverse correlation between
ost star [Mg/Fe] and rocky planet density, with low-[Mg/Fe] (Fe-
ich) stars forming higher density planets (larger iron cores) and
igh-[Mg/Fe] thick-disc stars yielding lower density, less iron-rich
lanets. However it should be noted that their sample consists of
2 stars, and the inverse correlation seen in their study is yet to be
onfirmed in larger data sets. This trend, if confirmed, is anchored
y thick-disc hosts, indicating that Mg abundance patterns reflect
he refractory composition of the forming planetary core and are
onsistent with either core-accretion or pebble-accretion pathways in
etal-rich environments. Indeed, M. Tsantaki et al. ( 2025 ) confirm

hat giant planets occur preferentially around thin-disc, metal-rich
low-[Mg/Fe]) stars, whereas α-enhanced stars in the thick disc more
ften host only low-mass rocky planets. Other elements (e.g. Ca, Si,
e) also contribute to planet interiors, but Mg provides a particularly
lear signal because of its single nucleosynthetic origin, reducing
egeneracies in interpretation. When assessing planet populations,
he Galactic chemical context must not be ignored, as there are signs
hat planet formation is following the Galactic chemical evolution (J.
eixeira, V. Adibekyan & D. Bossini 2025 ). Systematic differences

n elemental ratios (e.g. [Mg/Fe], [C/O]) between thin- and thick-disc
opulations have to be taken into account in order to avoid biases in
lanet characterization (e.g. R. da Silva et al. 2024 ). 
To address the above and enable consistent analysis, we aim to

erive stellar parameters ( Teff , log g, vmicro , [Fe/H], [ α/H]) and twelve
hemical abundances (V, Ni, Mg, Ca, Si, Na, Al, Ba, Sr, Cu, O, and C)
or all observed targets. Additional elements are likely to be included
n future updates. Work is currently underway to integrate a robust
hemical abundance pipeline into WEAVE’s APS as part of ongoing
fforts to incorporate a number of contributed software packages
rom WEAVE Science Team members. 

WTLS will be a unique, magnitude-limited multi-object spectro-
copic survey designed to compare the chemical abundance patterns
f confirmed exoplanet hosts with the broader F, G, K, and A star
opulation. The resulting data set will be highly homogeneous and
omparable in size to other studies exploring links between host stars
nd their planets (e.g. J. T. Clark et al. 2022 ; S. Yun et al. 2024 ). 

 I NI TI AL  TEST  O B S E RVAT I O N S  

n preparation for WTLS, test observations were successfully carried
ut between 2024 August 27 and September 10 and from 2025
ebruary 26 to 27. In this context, several OBs were observed during

wilight hours, testing merged field configurations and pipeline
andling for targets with magnitudes between 6 ≤ V ≤ 11. For these
ests, individual OBs with ∼ 20 targets per field were created, to ease
. Priority 1 and 2 targets (see Section 5 ) are shown as red and black curves, 
 of stars in the sample. 

art/rzaf060_f7.eps


WEAVE-TwiLight-Survey 9

Figure 8. Blue2 ( top ) and red ( bottom ) arm MOS HR data of a 6 . 05 GGaia mag, A0V-type star observed with WEAVE. The mean SNR (per pixel and per 
Angstrom) is given in the respective panels. Grey areas depict coverage gaps due to projection effects onto the CCDs. The total exposure time was 300 s. 

Figure 9. Red arm spectrum (zoomed in) of a K0IV-type star, overlaid with the best-fitting atmospheric model ( red ), determined using FERRE (C. Allende Prieto 
et al. 2006 ). Residuals are shown in the lower panel. Inlays depict spectral features of Ni I , Ca I , and Fe I at their respective wavelengths. 
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anual assessment in terms of correct fibre placement in between 
ointings. Note that these fields were not part of the final priority
elds as defined in Section 5 , although a small overlap with a
inor fraction of WTLS stars does exist. In total, spectra from

8 stars have been recorded. Fig. 8 shows a typical data product
fter wavelength calibration, sky subtraction, and stacking, for an 
0V-type star with GGaia = 6 . 05 mag. The plot shows a MOS HR
bservation with the blue2 (top) and red (bottom) spectrograph arms. 
he 2024 test observations were limited to a total exposure time 
f 120s, whereas the 2025 runs used a longer integration time of

exp = 300s, resulting in an increase in signal-to-noise ratio of ∼ 1 . 6.
reliminary processing runs, testing both CPS and APS pipelines, 
ave been completed successfully, demonstrating that twilight OBs 
an be handled by the system. A zoomed-in comparison between 
 K0IV-type stellar spectrum taken with the red arm and a stellar
tmospheric model is shown in Fig. 9 . The fit was enabled using
he χ2 minimization code FERRE 3 (C. Allende Prieto et al. 2006 ) 
s part of the APS stellar parameter pipeline. Figs 8 and 9 both
how that the new mode is feasible and results in high-quality data.
 comprehensive description of the survey design and an initial 
 https://github.com/callendeprieto/ferre 

 

s
fi  

fi  
nalysis of a sample subset will be presented in a forthcoming paper
Hajnik et al., in preparation). 

 C O N C L U S I O N  

e have presented a novel approach that allows observations of low-
arget-density fields with WEAVE, while significantly reducing the 
bservational overhead that could be introduced by such fields. The 
TLS will act as the pilot for this new mode, which is enabled

y superimposing multiple observational fields (pointings) onto the 
ame fibre configuration. These fields can then be observed in 
uick succession without tumbling the field plates or requiring new 

alibration exposures in between. 
The starting points for WTLS fields are the PLATO long-duration- 

hase fields (LOPN/LOPS; V. Nascimbeni et al. 2022 , 2025 ), which
re further enhanced by adding bright stars from Gaia DR3. We
ntroduced a field definition method employing a heuristic approach 
o the geometric set cover problem, enabling an overall field coverage
f ∼ 97 per cent of our proto catalogues. 
To enable the successful assignment of guide fibres in the run-up to

cience fibre allocation, a custom algorithm has been developed. We 
nd that its ability to allocate the necessary guide fibres for merged
eld configurations depends on the surface density of guide stars and
RASTI 4, 1–11 (2025)
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he availability of operational guide fibres. On-sky plots of the final
elds are presented in Figs 6 and A1 , along with the science target
ields for different priority classes and field plates (Table 2 ). 
To test the feasibility of the merged field configurations, test

bservations were successfully performed in 2024 August 27, 28
nd September 10 and 2025 February 26, 27. From these tests, we
onclude that the sky subtraction of WEAVE spectra taken at twilight
orks well and that the data products of observations taken with the
ew mode are fit for scientific use. Additional tests focusing on large
 > 2◦) offsets between merged fields have been carried out. At the
ime of writing, the largest successfully tested offset between fields
s ∼ 15◦. 

Changes to the telescope systems required to enable the new mode
WEAVE-TL) have now been implemented. The WEAVE-TwiLight-
urvey was awarded 37.8 h of observing time by the Panel for the
llocation of UK Telescope Time (PATT) for the 2025A2-2025B1
pen-time cycle. An initial set of WTLS science OBs were observed
n November 2025. 
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