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Outline

* Time-Of-Flight Mass Spectrometry

* Imaging Mass Spectrometry
— Velocity Mapping
— Surface Imaging
— Timepix / PIMMS sensors

* Direct detection of low energy ions



Mass Spectrometry

* Very popular tool in chemistry, biology, pharmaceutical industry etc.
« TOF MS: Heavier fragments fly slower
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Measure detector current: limited to one dimension
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lon Imaging Modes
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Imaging Mass Spectrometry with
Fast Pixel Sensors

e Fast camera allows imaging of multiple @

masses In a single acquisition E—

e Mass resolution is determined by the
camera speed

e Can measure full frames at high speed a——
or directly measure time of arrival ) o= (




Possible applications (1)
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« Parallel processing— high throughput sampling
« Example: analysis of biochips



Possible applications (2)

- Surface imaging  seaon
for separate bis.
mass peaks

* Replace
scanning with
wide-field
Imaging
— Faster by orders

of magnitude
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Nature Reviews | Genelics R .Heeren et al

MALDI imaging of tissue



Possible applications (3)
 Structural information: Fingerprinting of

molecules

Ahg. il " 1000
16252 P54 19
1342 84 181057
Q a { Ernggs  1wE1E -2 1534 453480
1 -ITE - R
1 .
151 g’ﬂ:’* 163377 1TD-184 HEE
{ e 24830 123160
104 114353 | TaLes
g . TTo-iky  GOMEAE 240717 bR
{ M. r4i3 BI5EIE 130181
al - 232 {EET Tl
-IEEGI-{GE | 1R RS 148130 Iﬁd.ﬂﬁ 2800 06 i
187182 |_ s L
A s L i ||I a e Ia.l JI Faay | S T T .. J
o 1280 1500 178 28 roo FEL- i
Pinisn Vs | Plyick, By |
Fajew S e L WD gl PO - Freok Syoaid o |
g 2 L [ALETi T RPN TN E N Speeppee—— T P TE3 F T AT T
19 o 1] aa Lo L] Ll LI
HEENTFTATL, FILFESAYEELD VFFPEROAHEAE YAEHEFEDIOE FHFEALELIE FROYTAEE - FF FNHYEILVHEW TEF BETCWRD
: - 100 L1d i | 130 140 154 LD
ESAERCTHIL BT LIEDELCT FTRTLREET YL HANTREQEF  EANECEF LSS IMPELPRELY  HPEVDUHCTA  FHDEE FLE
11% 1B0 hasl Elo =20 234 FiLD
[ELTE 1ANRIE TAFELL bl AAEAS  ULLFELDELE  DEIRREHARE]  HLEUAHLUER LA T
i wE0 Frd -] 30 J00 i) AED
ARLSQRFPEA EFARTIELTT DLTHEVHTE HGL ECADD EADLASYTOR BOOETEAELE EOCEEPLLEK AR TAR TEMED
= 0 = A% T T L] TR VB
EMPADLPELA RO VESEDL ENTRAERAKDYVE AL L FEFVLL LALAKTYETT LEKCCRAADE HECTA ¥
S, | —— D
419 arn 430 444 A0 460 Ll ALED
HIFLET ol L TEECET JCEYERGHA  LIVREYTHESE 0V 1¥EF FHIEZERIRE [CEHPEAEEM POAEDVIASTE
awa LI 1] T £ a0 50 ELT
IHDLCWLNEK TP TSDANTE ESLVHARE FRALEVDET TP RN SR FHROT I SEEEBDIEED TALTELTEHER
&8 LED 590 & L1lD
FHATEEIFLES  WHOOE AT EATEALIEET CFAEEPTHRL BERR

( G

LRSI ER _
mass fingérprlntmg of human serum albumin

(from Wikipedia)



Visible Light vs Direct Detection
 Typically use visible light but direct detection of
electrons after MCP is possible
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Fast Framing

Velocity imaging experiments:
CCD camera by DALSA

16 sequential images at 64x64 resolution
Pixel : 100 x 100 sg.micron
Frame rate 100 MHz - 10 ns resolution

Principle: local storage of charge in a CCD DALSA camera
register at pixel level

Limitation: number of frames
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3: M. Brouard, E.K. Campbell, A.J. Johnsen, C. Vallance, W.H. Yuen, and A. Nomerotski, Rev. Sci. Instrum. 79, 123115, (2008)



Time Stamping
Time stamping is efficient way to have good time resolution

generating much less data

Need to do particle by particle = low intensity (one pixel hit
only once or less)

Measure Time of Arrival in each pixel

\ Amplifier :
1 : Response :
:/\ . Threshol
| d
/ o~
: :
! Shutter !
=
! Clock :
U UL UL
|

VW

Can still do imaging!



Timepix

« 256 x 256 pixel array

* 55 um by 55 um pixel

— 14 mm x 14 mm active
area

« 10 ns timing resolution
* 14 bit time stamp

 First produced in 2006

X. Llopart, R. Ballabriga, M. Campbell, L. Tlustos, and W. Wong,
Nucl.Instrum.Methods Phys. Res. A 581, 485 2007.

p-type
silicon layer

flip chip
bonding with
solder bumps

sensor chip (e.g. silicon)

high resistivity n-type silicon

" aluminium layer

single pixel
read-out cell
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Direct Detection with Timepix

)
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«

Medipix detector
MCP chevron stack

Non-trivial task to ¢



Surface Imaging with Timepix (1)

' MCP
. on electron
microscope showers|”

« Surface imaging using matrix-
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: ) _ % 700
« 512x512 pixel, bare 2x2 Timepix |
assembly combined with chevron Q
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« Oligomers of the protein ubiquitin 3 300
were measured up to 78 kDa D00
High Dynamic Range Bio-Molecular lon Microscopy with the 100
Timepix Detector ol

Julia H. Jungmann,” Luke MacAleese,™ Jan Visser,” Marc J. J. \/'ral<l<.i11g§'+ and Ron M. A. Heeren™"

"FOM Institute for Atomic and Molecular Physics (AMOLF), Science Park 104, 1098 XG Amsterdam, The Netherlands
*National Institute for Subatomic Physics (Nikhef), Science Park 105, 1098 XG Amsterdam, The Netherlands

5 . ) Anal. Chem. 2011, 83, TEBE-7894
'Max-Born-Institute, Max Born Strafle 2A, D-12489, Berlin, Germany



Surface Imaging with Timepix (2)
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Cluster shape can be used to improve
timing (hence mass) resolution
Anal. Chem. 2011, 83, TEBE-7894

Mass resolution: ~10 Da for 3000 Da High Dynamic Range Bio-Molecular lon Microscopy with the

Timepix Detector

S pati al reso I utl on. — 3 m icron Julia H. Jungmann,” Luke MacAleese,™ Jan Visser,” Marc J. J. Vra](king,gm and Ron M. A. Heeren*"

"FOM Institute for Atomic and Molecular Physics (AMOLF), Science Park 104, 1098 XG Amsterdam, The Netherlands
*National Institute for Subatomic Physics (Nikhef), Science Park 105, 1098 XG Amsterdam, The Netherlands
§Ma.x-Bom-lnst'it'ute, Max Born Strafle 2A, D-12489, Berlin, Germany



Velocity Mapping with Timepix

repellet‘;::c\r‘a‘bctm in-vacuum
flight Timepix
CC tube Chevron  yatector

Photodissociation of NO, at 452 nm O A

Rings in scattering distribution can = weete=s | —
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be interpreted as various transition .m.rﬁ.:n, — -
paths in photodissociation
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Slicing technique improves the
energy resolution

The energy resolution observed in
the experiment, dE/E=0.05, was
limited by the experimental setup
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Next Step: Timepix3

d wide range of non-HEP applications:
» X-ray imaging
» Dosimetry
» Compton camera, gamma polarization camera, fast neutron

camera, nuclear fission, astrophysics ...

Christoph Brezina®, Martin van Beuzekom?, Michael Campbell !, Klaus

d time-resolved imaging B s T
D hlt {phﬂ t!}n) — TGA & T‘]T ) ‘ . 1 CER}lJ. Geng&!e. S\.x;itzel']and.
2 National ]nsUtLBlte foy SubatomltY:IP}?ysms (lehef)‘.‘;?fns‘tgiia?:.v the Netherlands
d continuous & sparse readout T Catecnais: of Tarkon Fantand
d minimum dead time Vertex2011. Rust, Austria.
June 24, 2011
d suitable for HEP applications

256x256 55x55 sg.micron pixels — same as Timepix

Time resolution : 1.6 ns
Will allow for multi-hit operation for each pixel

Readyv in the end of 2012



Monolithic Pixel Sensors

Pixels
Bonds —— (e
/ o
AN =

Readout Electronics

Monolithic Active Pixel Sensors (MAPS): Detector and
electronics are integrated in same sensor

Normally used as imager but can detect charged particles as
well



PImMMS1 Sensor: CMOS Imager
with Time Stamping

PImMMS: Pixel Imaging Mass
Spectrometry

— Collaboration of Oxford and RAL
www.physics.ox.ac.uk/LCFI/PImMS.html

72 by 72 pixel array
70 um by 70 um pixel
— 5 mm x 5 mm active area
25 ns timing resolution
12 bit time stamp storage
— 4 memories per pixel
500 experiments/sec
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Design: A.Clark, J.Crooks, 1.Sedgwick,
R.Turchetta (RAL)

Produced in Nov 2010 Testing: J.J.John, L.Hill (Oxford Physics)

Pixel Imaging Mass Spectrometry with fast and intelligent
pixel detectors A Nomerotski et al 2010 JINST 5 C07007



PImMMS Pixel, Sensor and Camera
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* 0.18 um INMAPS process 7.2mm
« 615 transistors in every pixel
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Velocity Mapping with PImMS

Data recorded for 193 nm photolysis of N,N dimethylformamide
good model for studying fragmentation of the peptide bond
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E.Wilman, J.Lee, Vallance group, Oxford Chemistry



Coincidence lon Imaging with
PImMMS

Study dynamics of chemical reactions
First steps: simultaneous imaging on a single detector
Br,—— Br+ Br
Br + Br*
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C.Slater, J.Lee, Brouard group, Oxford Chemistry




Surface Imaging with
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“Chemical” microscopy of crystal violet
and CHCA. Target:
— sample size 4 mm x 4 mm E.Halford, B.Winter, Brouard group
— 10 micron spatial resolution
— mass resolution m/Am ~ 2000

—  Earlier results: Application of fast sensors to microscope mode spatial imaging
mass spectrometry; M Brouard, A J Johnsen, A Nomerotski, C S Slater, C Vallance
and W H Yuen, 2011 JINST 6 C01044



Next Step: PImMMS2

Larger array 324 x 324 pixels

500 experiments/second

Submitted in Feb 2012,
available in May 2012
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25.5 mm



Direct Detection of Low
Energy lons



Mass Spectrometry of lon Beams

* Double-focusing magnetic
mass-spectrometer with
Timepix as direct ion detector

« Timepix used in Time-Over- * /
Threshold mode J’ %j

* Direct detection of 25 keV ions 256 —
— 10 nmrange in Si oo e 2 T ‘ |
— Large number of ions required 192 @‘ ‘ ' w . ] §800
- % 907, ' 922r | Mz : - Lo
« Can resolve isotopes 2 o8 @‘ 'R Y U
. : E .91 Bnp
« Position correlation used to e |-t - 1400
Improve mass resolution 64| D -
Metal and hybrid TimePix detectors imaging beams of particles U ‘ ‘ % u ‘ ,
V. Pugatch®*, M. Campbell ®, A. Chaus?, V. Eremenko9, S. Homenko 9, O. Kovalchuk?, X. Llopart®, 0 o 0
0. Okhrimenko 2, S. Pospisil ¢, A. Shelekhov @, V. Storizhko 9, L. Tlustos® 0 64 128 192 256

* Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kiev, Ukraine Pixel Number

P CERN, Geneva, Switzerland ] i
© Institute of Experimental and Applied Physics, Prague, Czech Republic Nuclear Instruments and Methods in Physics Research A 650 (2011} 194-197
d etitute of Aoplied Phvsics National Academv of Sciences of Ukraine Sumv Ukraine



Direct Detection of Low Energy
lons

« MCP has < 60-70% efficiency, needs

vacuum and is expensive @ 16 —
nalyte beam on

« Major difficulty: 10 keV ions stop in first nm 12 1 A A

0.8 - - .

- First measurements on direct detection of . m
low energy ions using 0.2 mm thin LYSO © T T ey beamsit
scintillator and MPPC (Hamamatsu) E

« Expect only a handful of photons > need a 5 |
SiPM - 081

(c) ¢

Wilman ES, Gardiner SH, Nomerotski A, Turchetta R, Brouard M, Vallance C m/z=12,13,15 Difference signal

A new detector for mass spectrometry: Direct detection of low energy ions using a multi-pixel N

photon counter, Rev Sci Instrum 83(1):013304 Jan 2012 os -

‘ 43
0.4 28,29 57
. . . 72
First steps towards SPAD ion imager e S T



Summary

* Modern instrumentation Is going towards time-
resolved measurements in many areas (single
photon counting, TOF, coincidences etc) -
becomes more and more aligned with PP In fast
detection

* Applications in imaging MS is a good example
— |deal detector for IMS: each pixel operates as an

Independent mass spectrometer with 0.1 ns time
resolution and small deadtime

— Many measurements can be done with more relaxed
specs
* Fast and intelligent CMOS pixel detectors have
a bright future here
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