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A Global Partnership Building a Northern ELT 

TMT completes the global network of Extremely Large Telescopes – 
offering full-sky access for the world’s astronomers

TMT with E-ELT or GMT can follow a single target for many hours 
because the observatories are at different longitudes 
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Apertures
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Parameter E-ELT TMT(ORM) GMT Comment

Atel 980 m2 634 m2 356 m2

D 39 m 30 m 25.4

ε 37% 41% 43% Assume identical 
instruments/detectors.

Strehl 37% 47% 40% H-band

ηdiff 63% 68% 56% For an aperture 1.5 λ/D. 
Gaps and central 
obscurations decrease this 
value

texp/texp(E-ELT) 1 1.2 6.0 LGS AO/Background limited 
point source
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TMT is built around strong international partners 
who share many ties beyond astronomy

• The TMT partnership includes major contributions from Japan, 
Canada, India, Caltech, and the University of California.

• Canada, India, and Japan are significant European allies and strategic 
partners who have all made TMT a major scientific priority of their 
governments

ORM
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More than 85% of systems are in Final Design or 
Fabrication

6
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Primary Mirror Segment Production

• Japan delivered 351 blanks (~60%)
• 165/492 roundels polished 

(September 2025)
 

http://en.wikipedia.org/wiki/File:Flag_of_the_United_States_(Pantone).svg
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ORM La Palma

• Adaptive Optics will perform very 
well at ORM because it has 
comparable turbulence 
characteristics (isoplanatic angle 
and coherence time) to Maunakea

• With efficient adaptive scheduling, 
ORM supports the full range of 
TMT’s scientific goals. It is at a 
similar altitude to GMT and E-ELT 
sites

• Calima (dust storm) events do 
occur at ORM, but affect <2.5% of 
the time
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TMT Sites are World’s Premier Sites 
in Northern Hemisphere 

Site Characteristics
(Median values, unless 

stated)
(Units) TMT MK 

(USA)
TMT ORM 

(Spain)

E-ELT
Armazones

 (Chile)

GMT
Las 

Campanas 
(Chile)

Altitude of site meters 4050 2250 3060 2415

Fraction of yearly usable 
time considering all 

adverse weather conditions 
% 72 72 86 75

Seeing at 60 m above 
ground arcsec 0.50 0.58 0.50 0.50

Isoplanatic angle arcsec 2.55 2.31 2.05 2.05

Atmospheric coherence 
time ms 7.3 6.0 5.0 5.0

Precipitable water vapor % time < 2mm 54 20 50 23

Mean nighttime temperature °C 2.3 7.6 7.5 13

ORM, Spain

Extremely Well Suited 
for Adaptive Optics

Identical Clear Sky 
Fraction as Maunakea
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TMT will be the most sensitive ELT in the near UV

● TMT will be sensitive in the UV below 450nm.

○ ORM throughput in NUV is significantly 

less than MK but doesn’t preclude NUV 

science

● TMT plans to use UV-Enhanced Silver coatings 

for the mirrors to increase sensitivity.

● E-ELT’s visible Multi-Object Spectrograph can’t 

observe at wavelengths shorter than 450nm 

because it has more surfaces and lower 

reflectivity per surface since mirrors are coated 

with protected silver.

● GMT has high reflectivity at near UV 

wavelengths due to Aluminum coatings but is a 

smaller telescope
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At Visible Wavelengths TMT Rivals E-ELT 
in Sensitivity, Speed, and Performance

TMT meets or exceeds E-ELT in 

sensitivity, speed, and performance:

• For single objects 

• For high-efficiency or large surveys 
of fields with a relatively high 
density of targets

Difference in MK and ORM sensitivity 
due primarily to increased 

atmospheric absorption
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Limiting Magnitude

• Detection threshold (S/N=50) 
still eventually depends on 
background

• Larger telescope and higher 
Strehl (better AO performance) 
push this limit fainter

• TMT and E-ELT will have a very 
similar limiting magnitude in J 
and H bands

J-band

H-band
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K-band Limiting Magnitude

Difference between TMT and 
E-ELT in K-band due to 
cooling TMT NFIRAOS to 
-30 C which significantly 
reduces background.

S/N=50
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TMT Leads the Way in the Near Infrared 

We consulted ESO and the MORFEO teams on 
their Adaptive Optics performance, and checked 

our estimates with GMT exposure time calculator. 
We updated E-ELT MORFEO results based on 

recent changes in their adopted error budgets.

Because of superior AO 
performance TMT 
outperforms E-ELT in near 
infrared: 

• Spectroscopy

• Narrow Field Imaging

• Wide Field Imaging
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What leads to the differences in NIR performance 
between Maunakea and ORM

• AO wavefront error increases 50 nm at ORM based on atmospheric data from site testing

• Strehl reduction of ~2%

• ORM has better turbulence characteristics than Chilean sites

• ~2% more atmospheric absorption at ORM

• Driven by altitude

• ORM is similar to Chilean sites

• Sky is 10% higher in J-H bands, 30% higher in K-band 

• Driven by altitude and temperature

• ORM similar to Chilean sites

• Higher thermal background from telescope optics due to nighttime temperature being 4.7 deg 
higher at ORM 

• ORM nighttime temperature similar to Cerro Armazones (ELT site)

• ORM colder than Las Companas (GMT site)
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TMT @ ORM can still observe the  Galactic Center

• It takes less than 30 minutes for any of 
the ELTs to reach a depth of AB=23 and a 
S/N=200 in the Galactic Center

• Specifically for TMT in K-band, it takes  
less than 10 minutes (ORM) or 8 minutes 
(MK)

• The difference between TMT MK and 
ORM are dominated by the higher 
airmass which affects absorption, sky 
backgrounds, and AO performance

• Plots include acquisition time, zenith 
angle and dithering offset times.
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Pushing the boundaries of MIR science from the 
ground 

• Future instruments will exploit 
the Mid-InfraRed

• ORM is warmer and has higher 
water vapour than Maunakea. 
Similar to the Chilean ELT sites.

• TMT will be comparable in MIR 
performance to E-ELT if TMT is 
built on ORM, as E-ELT is a 
larger telescope, but with 
more warm surfaces.
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MIR - 25% lowest PWV Comparison

Alternate Site Report
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Science Return

• TMT will cost less to build and operate on ORM than Maunakea
• Maunakea is a better site and will perform more science per year
• However, the amount of science that can be performed per dollar spent would be 

higher at ORM
• We used estimates of construction and operating costs at the ELTs and then amortized 

that cost over the 50 year lifetime
• We evaluated a telescope that spent 40% of the time using WFOS, 30% of the time 

performing NIR Spectroscopy and 30% of time performing NIR imaging (split evenly 
across bands)

• Considering this very rough split in time, it would take ~10% more time to complete 
the same science on ORM than Maunakea

• However, it would cost ~15% less to perform that science on ORM (even accounting for 
the additional time)

• It takes longer, but a partner share goes further at ORM
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