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OVERVIEW

Lecture 1: ULTRACAM
• High time-resolution astrophysics (HTRA) - what is it and why study it?
• The detection of light - an introduction to CCDs
• Instrumentation for high-speed photometry I: ULTRACAM
• ULTRACAM: science highlights

Lecture 2: ULTRASPEC
• High-speed spectroscopy
• An introduction to EMCCDs
• Instrumentation for high-speed spectroscopy: ULTRASPEC on the NTT
• Instrumentation for high-speed photometry II: ULTRASPEC on the TNT

Lecture 3: HiPERCAM
• How can we improve ULTRACAM and what would this enable us to do?
• Eliminating atmospheric scintillation noise: Conjugate-plane photometry
• Instrumentation for high-speed photometry III: HiPERCAM

Lecture 4: Data Reduction
• Demonstration of photometric data reduction using the ULTRACAM pipeline
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PROBLEMS WITH ULTRACAM

• Only 3 arms

• Not fast enough

• Not large enough field of view

• Limited by scintillation noise

• Can’t do long exposures

• Not sensitive enough in the red

• Suffers from fringing

• Suffers from pickup noise
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OPTICS



SCINTILLATION CORRECTION



CONJUGATE PLANE PHOTOMETRY

Prototype conjugate-plane photometer on the 2.5m NOT on La Palma 
demonstrated that the technique works.



CONJUGATE PLANE PHOTOMETRY

Space-quality photometry from the ground?:
Conjugate-plane photometry: reducing scintillation in ground-
based photometry
Osborn et al, 2011, MNRAS, 411, 1223 



OVERVIEW

Lecture 1: ULTRACAM
• High time-resolution astrophysics (HTRA) - what is it and why study it?
• The detection of light - an introduction to CCDs
• Instrumentation for high-speed photometry I: ULTRACAM
• ULTRACAM: science highlights

Lecture 2: ULTRASPEC
• High-speed spectroscopy
• An introduction to EMCCDs
• Instrumentation for high-speed spectroscopy: ULTRASPEC on the NTT
• Instrumentation for high-speed photometry II: ULTRASPEC on the TNT

Lecture 3: HiPERCAM
• How can we improve ULTRACAM and what would this enable us to do?
• Eliminating atmospheric scintillation noise: Conjugate-plane photometry
• Instrumentation for high-speed photometry III: HiPERCAM

Lecture 4: Data Reduction
• Demonstration of photometric data reduction using the ULTRACAM pipeline



HiPERCAM

• High PERformance CAMera.

• Funded by ERC Advanced Grant for 3.5M€, started Jan 
2014.

• Collaboration between Sheffield, Warwick, Durham 
and UKATC.

• Visitor instrument, to be commissioned on the 4.2m 
WHT and 10.4m GTC in 2017.

• Provides an “order-of-magnitude” improvement in 
performance over ULTRACAM.



OPTICS

• 5 arms covering 
u’g’r’I’z’.

• Single-shot optical SED 
with no wasted light. 



OPTICS

48 optical elements
10’ FoV

Change collimator for use 
on either WHT or GTC



OPTICS

• High-
performance 
dichroic 
beamsplitters. 



CCDs & CONTROLLER

• Big chips are not necessarily 
better, as they are slower.

• Lots of outputs are not 
necessarily better, as we study 
point sources.

• Too many compromises had to 
be made to use EMCCDs, for 
negligible benefit.

• 6 custom versions of CCD231-42 
ordered from e2v.

• In conjunction with an ESO NGC 
CCD controller, we can easily 
break the kHz frame-rate barrier.



DEEP DEPLETION CCDs



FRINGE SUPPRESSION



CCD HEADS

• CCDs to be cooled to 180K with two 6-stage peltier 
coolers.

• Advantages: convenience, cost, no vibrations, low 
mass/size CCD heads.



MECHANICAL STRUCTURE
• HiPERCAM will be made using additive 

manufacturing techniques (i.e. 3D printing).

• Exploiting Sheffield’s world-leading Advanced 
Manufacturing Research Centre, a £100M+ 
collaboration between the University, Boeing 
and Rolls Royce.

• Components will be manufactured from invar 
using laser sintering, providing a stiff, 
lightweight, temperature invariant structure.



MECHANICAL STRUCTURE



CPP IN HiPERCAM



CPP IN HiPERCAM



ULTRACAM vs HiPERCAM
ULTRACAM HiPERCAM

Number of simultaneous colours 3 (u’g’r’, u’g’I’ or u’g’z’) 5 (u’g’r’I’z’)

Readout noise 3.5e- @100 kHz 2.5e- @200 kHz

Dark current 360 e-/pix/hr 1 e-/pix/hr

Longest exposure time 20 s 1800 s

Highest frame rate 300 Hz 1500 Hz

Field of view on 4m telescope 5’ (at 0.3”/pixel) 10’ (at 0.3”/pixel)

Probability of R=11 comparison 50% 94%

Scintillation correction No Yes

Deep depletion No Yes

QE at 700/800/900/1000 nm (%) 84% / 61% / 29% / 5% 92% / 87% / 58% / 13%

Fringe suppression No Yes

Fringe amplitude at 900 nm >10% <1%

Dummy CCD outputs? No Yes



HiPERCAM ON THE GTC

• And we hope to mount HiPERCAM on 
the largest telescope in the world, the 
10.4m GTC on La Palma.



OBSERVATIONAL PARAMETER SPACE



HiPERCAM SCIENCE QUESTIONS

• What are the progenitors of Type Ia Supernovae? 

• What are the properties of exoplanet atmospheres? 

• What is the equation of state of the degenerate matter 
found in white dwarfs and neutron stars? 

• What is the nature of the flow of matter close to the event 
horizon of black holes? 

• What gravitational wave signals are likely to be detected by 
the next generation of space and ground-based detectors? 

• What are the properties of Kuiper Belt Objects?



The End.
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