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KSU's
mission

o Good everywhere;

great in focus areas

Strengthen our comprehensive university with academic areas

o Distinctive faculty
Attract and develop
distinctive faculty

of research and teaching excellence =

e Less is more

Increase student
quality and reduce

o Stronger graduates
Enable KSU students
to learn hard and

@ Building bridges
Build bridges

volume by raising soft skills and externally with
entry requirements, throughout their _I'q_t:a_l a_nd.int_er‘—“
increase the share of academic life national groups

graduate students

Supportive learning environment
Create an engaging environment at KSU for faculty, students, and staff

internally within KSUJE-————

Sustainable future
Build KSU's endowment and diversify sources of funding

1l

Flexibility and accountability
Create a performance contract with the government
Organizing for purpose
Establish an organization and governance model that support KSU's mission
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(Second Phase)
Installation-of the Attosecond Laser-Source Lab at KSU- (2012 - 2015)

(Third Phase)
Slgnmg of the MoU between LMU and KSU and opening the new Lab (2013 - 2015)

Outline: — MU=
= History

+ Aim =

Lasers4dlife

+= Background

= Concept

History: o

y (First Phase) =LMUS- o S

Slgmng of-the ﬁrst research cooperatwn between MPQ and KSU (2008 -2012)
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LASERS LIFE

Early diagnosis is paramount to increasing the chances of over-
coming cancer. Our proposed strategy of quantitative multi-
parametric molecular fingerprinting of liquid biopsies, based on
highly sensitive field-resolved laser
and highly specific mass spectrometry hold promise for new
avenues in cancer detection and stratification.
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MEDICAL
DECISION
MAKING

Ultrashort-pulsed X-rays and ions beams, in combination

isted imaging and

_ will allow destruction of a broad range of malignant
‘tumors. Treatment will be complemented with global

MONITORING OF THERAPY
RESPONSE, TUMOR EVOLUTION
& DISEASE RECURRENCE

by repeated non-invasive
molecular fingerprinting

for dynamic
clinical decision making
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FROM CAUSALITY TO SINGULARITY

* Qur approach is fundamentally different from the present concept of Causality,
developed by the Prof. Claude Bernard in his “Treaty of Experimental
Medicine” (1865), who links an observable phenomenon to its causes and
consequences (limited number of variables..) with a probabilistic/classical

statistical approach, widely and exclusively used for the last 150 years
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FROM CAUSALITY TO SINGULARITY

* Qur approach introduces the concept of Singularity (from singula in Latin
meaning individual...), allowing to define with liquid biopsies (simple blood
tests) the unique individual molecular profiles of a person at a given time
with Thousands to Million to Billion variables, encompassing DNA, RNA,
proteins, effectors of the immune system, catabolites of normal and cancer

cells, physiologic effectors of homeostasy...).

Abdallah-MAzzeer =

FROM CAUSALITY TO SINGULARITY

* The ‘molecular profiles at n variables’ of a given patient/subject at a given time is
unique. Through the artificial intelligence integration of all variables obtained by the
Quantum Optics technology (Molecular truth...), we have the opportunity to obtain
an individual response to a given medical question with a 99+% probability, hence
the concept of Singularity... To understand the approach, an analogy can be made
with facial recognition processes, which, with 80-170 variables (distance between the
eyes, size of the mouth...and so on), allow to identify each of us with a 99.99%
probability: singularity...If only a limited number of variables were used, only a
limited probability will be shown (20-30 at best 40%...): causality...needing advanced

probabilistic statistical analysis...

Abdallah M Azzeer 8
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FROM CAUSALITY TO SINGULARITY

* The batteries of algorithmic tests are potentially allowing to address biologic
and medical issues in a binary approach: for example presence or not of a given
cancer at the present time for a given person, efficacy of a given medication at
a given time for a given patient... a multitude of question can be potentially

addressed with the proper algorithms...
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FROM CAUSALITY TO SINGULARITY

Two main medical applications are being targeted by our group at the present time

* Detection of early cancer using individual “molecular/atomic profiles at n variables”
to differentiate healthy controls and individuals with early cancer: the goal is to
replace existing cumbersome and expensive screening programs (breast, colon
cancers...) and introduce early detection in all various types of cancers with no
present screening strategies

* Individual prediction of efficacy or resistance to cancer medication at a given time,
allowing to predict upfront efficacy/resistance to cancer medications for given
patients. Today, we treat large groups of cancer patients for a benefit restricted to a
fraction of them (15 to 20% in average...). Considering the large number of biologics
agents either available or coming, identifying upfront the right patients for the right
medication with a potential efficacy of 98% to 99% could have, as well, a huge impact
on medical and socio-economic aspects...

Abdatiah-M-Azzeer 10
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Potential applications of the concept of Singularity

* The 2 directions of research shown above, early cancer detection and
prediction of cancer medication efficacy and resistance could lead to significant
advances in cancer medicine and could represent the first step towards the
medicine of the XXI century: Numeric Quantum Medicine towards the real

individualized medicine.

Abdallah M Azzeer 11

The Aim:
The aim of Lasers4life (L4L) is to explore the utility of cutting edge
ultrafast laser techniques, combined with state-of-the-art mass
spectrometry, for developing novel cost-effective approaches to
sensitive and robust cancer probing, localization, and tumor

destruction.

Abdaffah-M-Azzeer 12
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The Molecular Fingerprint

Ultrashort pulses of laser light can be used to analyse
the molecular composition of blood samples (serum or I

plasma) and can therefore reveal changes in states of e

health. The laser pulses excite the molecules in the
sample, causing them to vibrate and emit broadband
infrared radiation, which contains structural information
about the molecules present in the sample. By
comparing this signal with the emission from a
reference sample, one can obtain a spectrum (molecular
fingerprint) that reveals the differences in composition

between the two samples...
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The Concept:
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* View of the Infrasampler prototype at the LMU. Near-infrared pulses generated by a
femtosecond oscillator drive the nonlinear optical process of difference-frequency
mixing, resulting in broadband, ultrashort, phase-stable mid-infrared pulses. These are
propagated through a cell containing automatically delivered samples of biofluids. The
transmitted waveforms are sampled with copies of the initial near-infrared ultrashort
pulses. Taking advantage of the full coherence of the infrared waveforms, this
spectroscopy scheme reaches unprecedented sensitivity for measurements of biological
fluids. Abdallah M Azzeer 17
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ECDL-KSU Team ECDL-LMU_MPQ Team
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Alexander Apolonskiy
Matthias Kling
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Nicholas Karpowicz
Vladimir Pervak
Oleg Pronin
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First Attosecond Science Laboratory-in the Arab world.
ot allall 3 400 ) o gl e 4,

http://attoworld.sal

e According to King Saud University (KSU) strategic plan 2030, one of their pillars is to build bridges with
international groups. King Saud University, established in 2008 a Satellite Lab, through the International
Twinning Program, in conjunction with the Max Planck Institute for Quantum Optics (MPQ) and the Ludwig-
Maximilians University (LMU) , so as to activate the joint research collaboration in the field of very advanced

laser research, and take advantage of the infrastructure and global expertise.

* In 2015, the partners established a world-class Attosecond Science Laboratory (ASL) at KSU where outstanding
senior and young scientists will work together on the development and application of novel radiation sources for

coherent ultrashort intense light pulses. The ASL is considered to be the 6 branch of MPQ outside Germany.

* The MPQ-KSU-LMU Collaboration facilitates the partners to establish forefront research and education in one of
the key technologies of the 21st century, Photonics. Photonics, the science and technology of laser light and its

widespread applications, belongs to the fastest growing and developing technologies of the 21st century.

e The research areas for this collaboration include medical diagnosis, next-generation intense laser sources,

lightwave nanoelectronics, and photonic reagents for the control of chemical processes.
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King Saud University
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Excellency Prof. Dr. Badran Al-Omar,
The University's Rector,

ASL Opening Ceremony
16/2/2015
[

Prof. Dr. Ahmed Alamri
Vice Rector for Graduate Studies
and Scientific Research

> Prof. Dr. Theodor W. Hansch

2005 Nobel Prize in Physics

Prof. Dr. Paul Bruce Corkum

2013 King Faisal Prize for Physics,

Joint Laboratory for Attosecond Science

Prof. Dr. Ferenc Krausz

2013 King Faisal Prize for Physics,

Director of The Max Planck Institute of Quantum Optics

Prof. Dr. Gérard Mourou

Director of IZEST (International Zettawatt Exawatt Science and Technology)
German Ambassador to the Kingdom of Saudi Arabia Mr. Boris Ruge

Abdallah-M-Azzeer
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ASL Opening Ceremony
16/2/2015

THE DIMENSION OF AN ATTOSECOND
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TIME SCALES IN SCIENCE

http://www.gettyimages.com/detail/89516567/Photographers-Choice http://en.wikipedia.org/wiki/File:WMAP_2008.png

shortest man-made ?
light flash/pulse age of the universe
80 attoseconds 1 second 14 billion years

electranic
timeszale

nuclear/atomic | geological/astronomical
@ timescale timescale

Richard P. Feynman:...there is plenty of room at the bottom.
laser pU|ses Anon Y. Mous ....there is plenty of time at the bottom.

One way to visualize an attosecond

* If you travelled at the speed of light:

* You would circumnavigate the earth 10 times in a
second.

* You would circumnavigate an atom only one in 1
attosecond!

* The attosecond idea; pull an electron from an atom,
then use the laser light to drive it back;

14
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Molecular vibrations can be very fast!

Characteristic time scale: Characteristic time scale

Vibrational oscillati iod:
iBrational oeEHiation perio Bohr-orbit time in hydrogen:

~7fs(H,)
152 attoseconds

structure and dynamics in the microcosm

space (m)

molecules & solids

o A yyvibr

~ milli-eV

AW,

valence'

> 1eV

AWo>> 10 €

NP in 1999

attophysics femtochemistry
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The Internaticnal Max Planck
Research School of Advanced
Photon Science (IMPRS-APS)

|
Home: | Contact | FAQ

Research Groups [ pews |

Research Topics
Groups
Links

Phd Program
Participating Institutions
Education + Lectures
Seminars + Symposia
Training Opportunities
Block Lectures
Annual Meetings

Current Lectures

Applications

Guide to IMPRS-APS

Students

PhD students
Curmrent PhD Students
Alumni
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THAK YOU

We are not
going to take a WORK HARD
real steps IN SILENCE.
forward if we LE;ES%EESS
are not willing NOISE.

150 |
9 \/ G’ae to engage with
the unknown
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