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Abstract. The extragalactic distance scale is perhaps the most important application of stel-
lar distance indicators. Among these, classical Cepheids are high-accuracy standard candles
that support a 1.4% measurement of Hubble’s constant, Hy. The accuracy of Cepheid dis-
tances is thus directly relevant for understanding the implications of the Hubble tension, the
> 50 discord among direct, late-Universe H, measurements and H, values inferred from
the early Universe observations assuming ACDM cosmology. This invited review aims to
provide an accessible overview of the state of the art distance ladder that has established the
Hubble tension, with a focus on Cepheids, their absolute calibration using trigonometric
parallaxes from the ESA mission Gaia, and other Cepheid-related systematics. New obser-
vational facilities such as JWST and upcoming large surveys will provide exciting avenues
to further improve distance estimates based on Cepheids.
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1. Cepheids and Leavitt’s law

Classical Cepheids are evolved intermediate-
mass stars primarily observed during the blue
loop phase of stellar evolution that occurs
while the core is burning helium. A rare, but
very interesting, subset of classical Cepheids
is observed prior to core-He ignition during
the Hertzsprung gap (the first instability strip
crossing). It is also crucial to distinguish be-
tween classical (type-I) Cepheids and type-
IT Cepheids (Baade| [1956), whose sub-types
include the W Virginis, BL Herculis, and
RV Tauri stars (e.g. Jurkovic| 2021, and ref-
erences therein). While they share a similar
name and similar photometric variability fea-
tures and timescales, type-II Cepheids are sev-

eral Gyr old evolved low-mass stars that are
physically very different from type-I Cepheids.
In the following, we use the term “Cepheids”
to refer to the objects most relevant for the dis-
tance ladder, that is, core He burning (second
or third crossing) classical Cepheids that pul-
sate in the fundamental mode unless explicitly
stated otherwise, whose prototype is & Cephei.
Although Cepheids are by no means the only
young stellar distance indicators, their unique
importance for the extragalactic distance scale
hopefully justifies the omission of other young
stellar distance indicators (such as A&B-type
supergiants or early-type eclipsing binaries, cf.
Kudritzki et al.|[2003; [Taormina et al.|[2019).
Concerning their “youth”, Cepheids of
Solar metallicity are of order 30 —300 Myr old,
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and age estimates based on model-dependent
period-age relations depend strongly on mix-
ing processes (notably rotation) affecting the
Main Sequence evolution of the progenitors
(Bono et al.| 2005; /Anderson et al.| [2016).
Chemical composition also plays an impor-
tant role by allowing for older, lower-mass
Cepheids at lower metallicity and rendering
Cepheid ages slightly older at identical pulsa-
tion period.

Cepheids were the first pulsating stars dis-
covered to obey a linear relation between the
logarithm of their variability period, log P, and
their intrinsic brightness based on 25 stars in
the Small Magellanic Cloud (Leavitt| |1908}
Leavitt & Pickering|[1912). The aptly named
Leavitt law (henceforth: LL) thus relates ab-
solute magnitude M to log P, so that distance
modulus 4 = m— M can be calculated from ap-
parent magnitudes, m, and variability periods P
once the LL is calibrated. Hertzsprung| (1913)
quickly realized the importance of this relation
for distance estimation. Over time, the LL has
allowed great progress in the understanding of
the size of the Milky Way, the Local Universe,
and its expansion rate.

The Cepheid LL is usually calibrated using
the form:

M =a+f-logP/Py+v-[Fe/H], 9]

with « the fiducial absolute magnitude of a
Solar metallicity Cepheid at the pivot period
Py, 5 the LL slope, and y the metallicity term
that allows to correct the impact of chem-
ical composition using iron (also: oxygen)
abundances. Different LL variants have been
adopted, including broken (at Py) slopes (Riess
et al. 2016; [Bhardwaj et al.|[2016)), and mod-
els indicate a possible LL slope-dependence on
metallicity (Anderson et al.|2016).

LLs are calibrated using Cepheids whose
distance d is either measured individually or
known as a sample average using M = m —
u = m — Slogd + 5. Trigonometric paral-
laxes are today’s Gold standard for Milky Way
Cepheids (Feast & Catchpole] 1997} Benedict
et al.|2007; |Casertano et al.||2016; [Riess et al.
2018;|Cruz Reyes & Anderson|2022), in partic-
ular thanks to the unprecedented number and
quality of parallaxes published by the ESA
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mission Gaia (e.g. (Gaia collaboration et al.
2016; |Gaia Collaboration et al.|| 2021, and ac-
companying documentation), cf. Sect.2] and
Clementini (this volume). Baade-Wesselink-
type distances of Cepheids have not been fa-
vored in recent analyses due to systematic un-
certainties related to the projection factor, cf.
Nardetto (this volume).

Sample average distances can be used to
calibrate Cepheids observed in other galax-
ies whose intrinsic depth is insignificant com-
pared to their distance from the Sun. An
important exception is the Large Magellanic
Cloud (LMC), which is host to several thou-
sand Cepheids of various pulsation modes
(Soszynski et al.|2019), and whose distance has
been measured to an exquisite relative uncer-
tainty of 1% using detached eclipsing red giant
binary systems (DEBs Pietrzynski et al.[2019).
At this level of precision, the line-of-sight
depth of the LMC exceeds the intrinsic dis-
persion of the LL at LMC metallicity, so that
corrections to the mean distance of the LMC
DEBs are required to minimize the observed
LL scatter and obtain the most accurate cali-
bration (e.g. Breuval et al.[2022)). In practice,
this correction corresponds to a small magni-
tude offset calculated using the on-sky distance
of Cepheids from the LMC’s major axis de-
termined using the 20 DEBs. An analogous
and larger depth effect complicates LL calibra-
tion using DEB distances of the SMC (Graczyk
et al.[2020), whose major axis is nearly aligned
with the line of sight (e.g. |Scowcroft et al.
2016). At distances greater than a few hun-
dred kpc, no further “geometric corrections”
are required at the current level of precision.
Cepheids in the most nearby spiral galaxies,
such as Andromeda (M31) and M33, provide
useful cross-checks (e.g.|Liet al. 2021} Pellerin
& Macri| 2011), and Gaia DR3 recently de-
livered time-series photometry to Cepheids in
both galaxies (Evans et al.[2022). Other nearby
galaxies are particularly useful for understand-
ing metallicity differences (e.g. Bernard et al.
2013) and the consistency of distance estimates
based on different stellar standard candles (e.g.
Lee et al.|[2022).

The spiral galaxy NGC4258 (M106) is
the most distant galaxy that contributes di-
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rectly to absolute LL calibration thanks to wa-
ter MASERSs orbiting its central supermassive
black hole. Modeling MASER features tracked
over the course of many years using a warped
Keplerian disk model has resulted in a 1.4%
geometric distance (Reid et al.|2019). An im-
portant benefit of using NGC 4258 for LL cal-
ibration is that its Cepheids are observed in
a very similar context as even more distant
Cepheids, notably with respect to the camera
setup, signal-to-noise, and crowding proper-
ties, among other things (Yuan et al.[2022a).

2. Trigonometric parallaxes

Prior to the first Gaia Data Release in 2016,
parallaxes of Cepheids precise to better than
~ 10% were very rare. The ESA mis-
sion Hipparcos had provided parallaxes for
24 MW Cepheids, which [Feast & Catchpole
(1997) used to calibrate the LL and esti-
mate the distance to the LMC. However,
the Pleiades highlighted a potential prob-
lem involving Hipparcos parallaxes, prompt-
ing [Benedict et al.| (2007) to measure narrow-
angle parallaxes of 10 MW Cepheids using the
HST Fine Guidance Sensor. A re-reduction of
Hipparcos parallaxes by [van Leeuwen| (2007);
van Leeuwen et al.| (2007) showed promise
for improvement. Yet, the Pleiades problem
persisted and long baseline radio interferom-
etry (Melis et al.|2014) showed conclusively
that Hipparcos parallaxes were wrong at least
in some cases. Riess et al.[ (2014); (Casertano
et al.[ (2016)); Riess et al.| (2018) used the spa-
tial scanning mode of HST/WFC3 to measure
10% parallaxes at distances up to a few kpc,
notably including a significant new number of
long-period Cepheids for the MW sample. The
importance of Gaia for Cepheid parallaxes was
immediately clear from Gaia DR1 (Lindegren
et al.|[2016; |[Gaia Collaboration et al.|2017).
Clementini (this volume) presents an overview
of improvements across the various Gaia data
releases.

Gaia parallaxes are the undisputed Gold
standard for DL calibration. However, there
unfortunately has remained a parallax bias is-
sue discovered via an average non-zero paral-
lax value of quasars. Using several thousand
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bright stars, of order 10° stars in the LMC,
and millions of quasars,|Lindegren et al.| (2021}
have understood this parallax bias to corre-
late with several features and provided a cor-
rection. In short, the parallax bias depends
on the sine of the ecliptic latitude (an arte-
fact of Gaia’s scanning law?), apparent Gaia
G-band magnitude (an artefact of Gaia’s com-
plex photometric processing that involves a
gating mechanism to avoid saturation as well
as differences in image treatment involving ei-
ther 2D or 1D point/line spread functions de-
termined using magnitude-dependent window
sizes (Riello et al.[2021}; Lindegren et al.[2021)),
and source color (possibly related to chro-
matic aberration). The recipe for bias correc-
tion works very well at magnitudes fainter than
~ 11 — 12 mag, where a sufficient number of
objects was available to correct these correla-
tions (e.g. |[Zinn|2021; Maiz Apellaniz| 2022).
However, geometric distance measurements of
brighter stars have revealed residual parallax
offsets in stars G < 10mag (e.g. Riess et al.
2021} [Zinn|2021)).

Recently, Riess et al.| (2022a) and |Cruz
Reyes & Anderson|(2022) used MW Cepheids
residing in open clusters to resolve the prob-
lem of the residual parallax offset, demonstrat-
ing multiple significant advantages of cluster
Cepheids. First, the large number of cluster
member stars improves statistical precision on
the cluster’s average parallax, resulting in sta-
tistical uncertainties as low as 1.4 pas. Second,
the parallax bias correction is accurate in the
color and magnitude range spanned by clus-
ter member stars. The dominant uncertainty
of cluster parallaxes is thus set by the angu-
lar covariance of Gaia parallaxes (Lindegren
et al|[2021). Accounting for angular covari-
ance and underestimated uncertainties (Maiz
Apellaniz|[2022)) raises the typical total paral-
lax uncertainty of cluster Cephieds to 7 uas,
or 1/3 that of field Cepheids. Since luminos-
ity depends on distance squared, a single clus-
ter Cepheid contributes as much as 9 field
Cepheids to LL calibration. |Cruz Reyes &
Anderson| (2022) thus calibrated the absolute
magnitude of a 10d Cepheid to 0.9% in two
independent photometric data sets from Gaia-
and HST, while measuring the residual paral-



118

lax offset of field Cepheids by comparing their
parallaxes to cluster parallaxes.

3. The Distance ladder and H,

Hubble’s constant, Hj, quantifies the expan-
sion rate of the Universe today (at z = 0)
and is one of the most important parameters
for cosmology and extragalactic astronomy be-
cause it sets the size of the observable Universe
and tells us its age. The Hubble-Lemaitre law,
Hy = v/D, relates (apparent) recession veloci-
ties v = ¢z (v < ¢) to luminosity distance Dj.
In reality, v is not a velocity, but rather a red-
shift caused by cosmic expansion. The distinc-
tion is important, since velocities are confined
to v < ¢, whereas cz can readily exceed c. More
generally, H) is related to luminosity distance
via the Friedmann equation and the Robertson-
Walker metric (expanded here to second or-
der):

c 1
D, = FZO 4500 =0) +...| . ()
where gg = —0.55 is the deceleration parame-
ter, whose observed negative value implies the
Universe’s accelerated expansion (Riess et al.
1998; |Perlmutter et al.|1999).

Hj is best measured at small non-zero red-
shifts (in the Hubble flow), where space is ex-
panding isotropically, acceleration is not sig-
nificant, and peculiar motions are subdomi-
nant, roughly at distances of 90 — 600 Mpc
(Riess et al| 2016, 0.01 < z < 0.0233).
Mapping such distances requires intrinsi-
cally extremely bright objects, and type-la
supernovae (SNela) are well-suited to this
end thanks to extreme luminosity (Mp =
—19.25 mag) and their ability to provide ~ 3%
relative distances per SNIa. However, SNela
are very rare, and no SNIa has as yet been ob-
served in a galaxy with a precisely and directly
measured distance. SNela thus require external
calibration by other means, such as Cepheids.

Conceptually, the distance ladder (DL)
consists of three rungs. The first rung cali-
brates the Cepheid LL using direct distances,
the second rung calibrates the SNela absolute
magnitude using Cepheids (out to currently ~
70Mpc), and the last rung maps the Hubble
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flow using SNela. However, today’s modern
DL is built using principles of “ladder safety”
to prevent hazardous missteps and tightly links
all rungs together in a global least squares fit.
Thus, the DL internally benefits from great sta-
tistical precision, while its accuracy is largely
dependent on the external absolute calibration.
In its matrix formulation, the DL uses the data
vector y, the design matrix L that encodes the
relevant equations, such as the LL, distance
moduli, etc., and the covariance matrix C to de-
termine the best-fit parameter vector g by min-
imizing:

X'=0-Lp'C'o-Lg). 3)

In the latest SHOES distance ladder, a very
significant effort has been made to quantify
and include off-diagonal elements in the co-
variance matrix, such as correlated background
noise (Riess et al.|2022b)). Using 3445 de-
grees of freedom, this least squares procedure
yields 5 best fit parameters: the LL slope 3
(b), metallicity effect y (Zy), the fiducial ab-
solute magnitude of a 10-day Cepheid in the
HST NIR Wesenheit magnitude My, the ab-
solute B—band magnitude of SNela, Mg, and
Hubble’s constant 5 log;, Hy. Alternative sym-
bols from the literature are listed in parenthe-
sis. The matrix formalism is both simple and
accurate, and allows to readily re-determine H
for different analysis variants, such as broken
LL slopes, reddening laws, data selections, etc.
Howeyver, the results from the matrix formal-
ism are cross-checked with computationally
intensive Markov chain Monte Carlo (MCMC)
simulations that allow inspection of marginal-
ized posterior distributions and correlations
among fit parameters. TRGB distances have
also been included in this procedure and can
help to further improve precision. Including the
latest results based on cluster Cepheids, this
DL yields Hy = 73.15 + 0.97kms~! Mpc™!
(Riess et al.[2022al).

Seen the other way around, the DL links
the distance-redshift relation of SNela to the
absolute angular scale provided by Gaia’s
trigonometric parallax measurements. This is
particularly powerful, since the Hubble di-
agram can also be connected to the early
Universe’s angular scale, the cosmological
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sound horizon, using an inverse distance lad-
der (Lemos et al.|2019). Hence, the DL allows
to connect angular scales at opposite ends of
the cosmos to each other—trigonometric paral-
laxes and the quantum fluctuations of the early
Universe—and provides a crucial end-to-end
test of observational cosmology (Riess|[2020).

4. The Hubble tension and focus on
systematics

Therefore, if the A Cold Dark Matter (ACDM)
concordance cosmological model provides an
accurate representation of the physics govern-
ing the Universe and its evolution, one would
expect local Hy measurements to match val-
ues of Hy inferred from early Universe ob-
servations, such as the Cosmic Microwave
Background. However, a ~ 50 disagreement
between late and early Universe Hy has ap-
peared since 2015 and is often referred to as
the Hubble tension (Riess et al.|[2016| [2022b)).
If the tension’s origin can be firmly attributed
to the early Universe Hy determination, then
it would be likely for ACDM to be incom-
plete, requiring revision by as yet unknown
physics (for possible options, cf. /Abdalla et al.
2022). However, such extraordinary claims re-
quire extraordinary evidence, so much effort is
under way to further improve the accuracy of
the DL-based Hy. In this process, it remains
important to lower statistical uncertainties to
measure Hy to a precision similar to that of the
early-Universe value, that is, to better than 1%.
In the process, the focus of recent work has in-
creasingly turned to systematics.

The term ‘systematics’ encompasses both
a) uncertainties that cannot be improved with
larger samples and b) biases that systemati-
cally shift measurements away from the truth.
Strategies for mitigating systematics include
(in arbitrary order) a) favoring data insensi-
tive to specific biases (e.g., infrared data min-
imize uncertainties related to extinction), b)
maximizing data homogeneity to avoid er-
rors due to transformations (e.g., exclusive use
of HST photometry), c) ensuring the physical
similarity of objects along the distance ladder
(e.g., matching period ranges of Cepheids near
and far, correcting metallicity differences), d)
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simultaneously fitting all data including co-
variance information, e) accounting for dif-
ferences introduced by the observational
setup (e.g., CRNL corrections or stellar asso-
ciation bias), and f) incorporating corrections
for other physical effects (e.g., relativistic ef-
fects), among other things.

Exclusive use of the HST photometric sys-
tem has been made possible by two recent non-
standard observing modes, the drift scanning
mode applied to MW Cepheids (Riess et al.
2018; Riess et al.[2021)), and the DASH mode
for Cepheids in the Magellanic Clouds (Riess
et al.||2019). Count-rate non-linearity (CRNL)
must be applied to WFC3/IR data when com-
paring Cepheids across a dynamic range of
16 mag, or a flux ratio of 2.5 million.

Extinction is effectively mitigated by the
Wesenheit|T| function (van den Berghl 1975
Madore| 1982). Wesenheit magnitudes, m", are
constructed to be reddening-free assuming a
specific reddening law (SHOES uses Ry = 3.3
from |Fitzpatrick [1999; Schlafly & Finkbeiner
2011). For example, the SHOES near-IR
Wesenheit formalism combines intrinsically
extinction-insensitive H—band (F160W) mag-
nitudes with a small offset based on optical
color, my;= F160W — R - (F555W — F814W).
Here, RY = Ay/(Ay — A)) ~ 0.4 is given by
the reddening law. For Gaia, R} = Ag/(Ap, —
Agp) = 1.91. The use of wide-band photometry
for the distance scale implies that RY depends
on a star’s intrinsic color, since the shape of
the spectral energy distribution incident on the
photometric passband should not be neglected
(Anderson|2022). A (unlikely) systematic due
to reddening could arise if there were a system-
atic difference between the thousands of sight-
lines among Cepheids in anchor galaxies (MW,
LMC, NGC4258) and the thousands of sight-
lines to Cepheids in SN-host galaxies. Mortsell
et al. (2022); Riess et al.| (2022b) recently dis-

! The German word “Wesenheit” relates to the
abstract innate nature (or essence) of an entity.
If you are having difficulty with this word, fear
not: “Wesenheit” was always a high-brow word
used by few, and its use has dwindled even more
since the 1970s, cf. https://www.dwds.de/wb/
Wesenheit|
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120

cussed this effect and concluded that extinction
cannot explain the Hubble tension.

The physical similarity of Cepheids in an-
chor and SN-host galaxies is being ensured
by considering their characteristic light curves.
Extragalactic Cepheid candidates pass several
selection criteria concerning their mean color,
amplitude ratios in V and /-band (where avail-
able), and distance from the galaxy’s LL by
o—clipping. The observed similarity of the
Hertzsprung progression across the DL rungs
is very strong evidence that Cepheid samples
are drawn from a common population.

Corrections for the effect of metallicity on
Cepheid luminosity have recently made sig-
nificant progress, benefiting from a reanaly-
sis of spectroscopic abundances of LMC and
MW Cepheids (Romaniello et al.[2022} Ripep1
et al| 2022} Trentin et al|[2022) and im-
proved accuracy of Gaia parallaxes. In partic-
ular, Breuval et al.| (2022)) recently calibrated
v using the metallicity range spanned by MW,
LMC, and SMC Cepheids and found results
consistent with the metallicity term used in the
SHOES DL (labeled Zy in SHOES). However,
as pointed out by Riess et al.| (2022b), the
metallicity range of Cepheids in SN-host and
anchor galaxies is comfortably contained be-
tween MW and LMC Cepheids. Hence, the
characterization over a longer metallicity lever
allows the accurate correction of metallicity ef-
fects in the more restricted range.

Crowding corrections are required to re-
move unwanted light contributions due to
blending, that is, the statistical superposition
of stars (e.g. [Yuan et al|[2022b). Although
crowding corrections accurately and statisti-
cally without bias remove light contributions,
they impose a penalty in terms of precision,
and it would be preferable to avoid blending
in the first place. Thankfully, the much im-
proved spatial resolution of JWST (0.03”/pixel
vs 0.137/pixel in HST WFC3/IR) will very
soon enable significant precision gains by in-
strumentally “uncrowding” Cepheids in SN
host galaxies (Yuan et al.[2022b)).

Stellar association bias differs from other
crowding in that it is incurred due to a physical
association of stars rather than chance blend-
ing. Moreover, this bias is not removed by
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crowding corrections due to limited spatial res-
olution (Anderson & Riess|2018)). In short, the
detector’s finite angular resolution corresponds
to increasing physical sizes as a function of dis-
tance. Cepheids occurring in or near their birth
clusters thus increasingly blend with their host
clusters with distance. For a typical cluster size
of 4 pc, cluster Cepheids are essentially un-
resolved at distances of > 10 Mpc. Crowding
corrections based on field stars probe larger an-
gular scales, and therefore are insensitive to
the light contributed by host clusters. In the
MW and the LMC, Cepheids are well-resolved
from their host clusters. Thus the light con-
tribution from host clusters is not counted in
most Cepheids that calibrate the LL, while it is
present for more distant Cepheids.|Anderson &
Riess| (2018) estimated this effect to be of the
order of 0.3% on Hj using M31 as a SN-host
proxy, and [Riess et al.| (2022b) has since ap-
plied a correction of 0.07 mag to extragalactic
Cepheids to mitigate the effect. Spetsieri et al.
(in prep.) presented during the meeting our on-
going work to quantify stellar association bias
using HST UV observations of the closest SN-
host galaxy M101.

Relativistic corrections are required to ac-
count for the small, albeit one-sided, sys-
tematic difference between the inertial frames
where the Cepheid LL is calibrated and where
it is applied. |/Anderson| (2019) pointed out that
time-dilation causes distant (z > 0) Cepheid
periods to appear longer by a factor Alog P =
log (1 + z) compared to their rest-frame pulsa-
tion periods. Correcting this bias interestingly
increased Hy and strengthened the Hubble ten-
sion. Dilation of Cepheid periods has since
been incorporated into the SHOES DL (Riess
et al|[2022b) and contributes systematically
to the 5.000 Hubble discord. Further rela-
tivistic corrections were recently explored,
including K-—corrections and the effect of
redshift on Wesenheit magnitudes (Anderson
2022). Interestingly, K—corrections applicable
to mZ are negligible because K—corrections to
H-band magnitudes and 0.4 x (V — I) nearly
compensate. However, single-band JWST ob-
servations of Cepheids or stars near the Tip
of the Red Giant Branch at 100 Mpc require
K—corrections of order 1%.
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5. Conclusions

Classical Cepheids are excellent standard can-
dles that have enabled a 1.4% measurement of
the Hubble constant (Riess et al.[2022bla)). One
of their key strengths is that every Cepheid is
a uniquely identifiable standard candle. This
allows to directly measure a host of proper-
ties and cleanly investigate systematics, such
as the effect of metallicity. One of the cur-
rent limitations to the precision of the dis-
tance ladder is blending, which will be signif-
icantly improved thanks to JWST’s ~ 4x bet-
ter spatial resolution. Preliminary analysis of
a serendipitous (non-Cepheid targeting) obser-
vation of NGC 1365 nicely illustrates JWST’s
potential (Yuan et al.|[2022b)). Gaia is expected
to further improve the absolute LL calibration,
both by improved parallaxes of Cepheids and
a greater number of cluster Cepheids in fu-
ture data releases (e.g./Cruz Reyes & Anderson
2022). Besides their ability to calibrate the DL,
Cepheids will also continue to play a vital role
in understanding the size and structure of the
Milky Way (cf. Grebel, this volume) and the
local Universe in general.

Large surveys, both photometric (notably
Rubin/LSST) and spectroscopic (4MOST,
WEAVE, etc.), will yield a wealth of rele-
vant information that will help to both bet-
ter understand our most precise stellar stan-
dard candles and to further understand and mit-
igate systematics affecting distances. In partic-
ular the ability to combine multi-band time-
series data should lead to new insights, as
will the study of long and precise time-series
data with asteroseismic potential (Siiveges &
Anderson| 2018}, |Anderson|2020; ?). Last, but
not least, the advent of 30m-class telescopes,
such as ESO’s ELT, will allow to obtain much
more detailed observations of extragalactic
Cepheids, by even further improving spatial
resolution at unprecedented distances and en-
abling spectroscopy of individual stars beyond
the Magellanic Clouds. This wealth of upcom-
ing opportunities makes young stellar distance
tracers a timely and exciting subject to investi-
gate, and we can be sure to be surprised in the
future.
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