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2006

Established
M Squared
in Glasgow.

380+

Individual patents.

100+

The number of people
we employ, over three
continents.

33

Number
of countries
In which we are active.

£18M +

Our turnover
In the last financial
year.

>162

Number
of partners
and customers.
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SOLSTIS SPECIFICATIONS

LARGE TUNING RANGE - 670 nm to 1050 nm

HIGH POWER - > 5 W at 780 nm

NARROW LINEWIDTH - < 50 KHz

LOW AMPLITUDE NOISE - < 0.075 % (10 Hz to 10 MHz)
CONTROL BY ETHERNET

e 9 ® =

o]

ICE BLOC

S g e g, W -




NT SYSTEMS FOR QUANTUM EXPERIMENTS
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(up to 200 mW)  [up to 200 mW)  [up to 2.5 W] (up to T W) (up to 6 W) (up to 30 mW])



COHERENT COMBINATION SCHEME

SPECIFICATIONS

AMPLIFIER OUTPUT - > 10 W at 880 nm
FIBRE COUPLING EFFICIENCY - 83 %
M2 PARAMETER - < 1.01

Amplifier Locking Module . Fibre
------------------------ . Launch
. Module
H-C ;
Lock

v )
18 W DPSS SolsTis | L, L,
Pump Amplifier
Injection Locking Module
12 mode matching
NARROW LINEWIDTH - < 50 KHz
LOW AMPLITUDE NOISE - <0.075 % (10 Hz to 10 MHz)
18 W DPSS SOIsTIS

Pump

PSX-R

DC




COHERENT COMBINATION SCHEME

SPECIFICATIONS

AMPLIFIER OUTPUT - > 10 W at 880 nm
FIBRE COUPLING EFFICIENCY - 83 %
M2 PARAMETER - < 1.01

OUTPUT POWERS AT STRONTIUM WAVELENGTHS

461 nm - > 2 W (after SHG module)
689 Nnm->7W
698 nm->8W

(powers in standard configuration are
approximately a factor of 2 less)




STATE OF THE ART LASER REQUIREMENTS

ACCELERATION LOW PHASE NOISE - 25 mrad AT T = 25 ms
MEASUREMENTS - HIGH SENSITIVITY INTERFEROMETER
AT ~ 100 ng

HIGH POWER - 6 W TOTAL POWER AT 780 nm
- LARGE RAMAN BEAMS AND SHORT PULSE DURATIONS

SYSTEM AGILITY - FINELY TUNED OPTICAL PULSES FOR
LASER COOLING, STATE PREPARATION, RAMAN TRANSITIONS

Imperial College

London
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STATE OF THE ART LASER REQUIREMENTS

ACCELERATION LOW PHASE NOISE - 25 mrad AT T = 25 ms
D\"TEA?UREMENTS - HIGH SENSITIVITY INTERFEROMETER

HIGH POWER - 6 W TOTAL POWER AT 780 nm
- LARGE RAMAN BEAMS AND SHORT PULSE DURATIONS

SYSTEM AGILITY - FINELY TUNED OPTICAL PULSES FOR
LASER COOLING, STATE PREPARATION, RAMAN TRANSITIONS
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STATE OF THE ART LASER REQUIREMENTS

~99.9 % TWO PHASE LOCKED LASERS FOR STIMULATED RAMAN
QUBIT FIDELITY TRANSITIONS:

~99.99 % - LOW PHASE NOISE - 5 mrad BETWEEN 1 kHz -1 MHz
SINGLE QUBIT FOR 3.2 GHz GIVES ACCURATE QUBIT ROTATIONS

(LUCAS, * HIGH POWER - LARGE DETUNING FROM ATOMIC
OXFORD) RESONANCE

* HIGH POWER - INTENSE LASER FIELD AT MULTIPLE
IONS PERMITS FAST GATE ROTATIONS
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STATE OF THE ART

>99.9% TWO QUBIT FIDELITY

> 99.9 % SINGLE QUBIT
FIDELITY

(BLATT, INNSBRUCK)

Frequency (HZ) +9.77469e7
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LASER REQUIREMENTS

NARROW LINEWIDTH - LONG COHERENCE TIMES
(~1s)

HIGH POWER STABILITY - ACCURATE QUBIT
ROTATIONS

LOW AMPLIFIED SPONTANEOUS EMISSION



STATE OF THE ART IN QUANTUM COMPUTING

lon based devices show

highest gate fidelities at - INNSBRUCK
o - NIST
> 99.9%. 99.9% [  OXFORD
Advantageous when
scaling quantum computers < L
since less qubits are E . » GOOGLE
needed to form logical W 990, b
: ) ()

qubits. T8

Lln_J IONQ © HARVARD
Ultra-stable and powerful & |
lasers are key to achieving - 95% .
the highest fidelities. Ty
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QUBIT COUNT
QUBIT TYPE: © ION TRAP ® SUPERCONDUCTING ® SILICON

® NEUTRAL ATOM
@ NEUTRAL ATOM (GROUND-RYDBERG FIDELITY)



QUANTUM TIMEKEEPING PHYSICAL REVIEW LETTERS 129
' , 103201 (2018)
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Firenze,

Solstis targets the ‘magic wavelength’to
create a 3D strontium lattice.

STATE OF THE ART LASER REQUIREMENTS

1 PART IN 10-19 HIGH POWER - LATTICE WITH MANY DEEP TRAPPING
MEASUREMENTS SITES

OF OPTICAL LOW POWER NOISE - MINIMAL ‘SHAKING’ OF LATTICE
FREQUENCY TO PREVENT ATOM HEATING

NIST (USA) JILA (USA) SYRTE (FRANCE) PTB (GERMANY)
RIKEN (JAPAN) NPL (UK) INRIM (ITALY) ECNU (CHINA)




COMMERCIALISING ATOMIC CLOCKS AT M SQUARED

"3 UNIVERSITYOE
Single-beam MOT for the first JEE- BIRMINGHAM

commercial 8’Sr optical lattice clock

SQUARED

Compact permanent
magnet Zeeman slower

Sr spectroscopy vapour cell
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WE'RE HIRING

Quantum Technology Scientists
Scientific Products Specialists
Project Managers

Laser Engineers/Scientists
Contact us:

careers@m?2lasers.com
www.mz2lasers.com/careers.html
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