How science works

... and life too.

millisecond = 10-3 seconds
microsecond = 10°
nanosecond = 10~
picosecond = 1012
femtosecond = 101>
attosecond = 1018 seconds

P. Abbamonte, UIUC, Spring 2013



Quantum coherence in LHC - c. 2001
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(Images courtesy of K. Schulten group)



Inelastic X-Ray Scattering (IXS)
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Quantum coherence in LHC
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Preparation (6 mo.)

® Rebuild beam line optics (monochromator, analyzer)

Machine Shop

Control
Area

wikar |

® Grow R. sphaeroides, purify LHC




First attempt: LHC in dilute solution
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® Protein not concentrated enough?

® Concentrate into gel in ultracentrifuge (2 mo.)



Second attempt: LHC in sedimented gel
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® Protein still not concentrated enough?

® Sediment into dried pellet (3 mo.)



Third attempt: Dried, ultra-concentrated LHC “pellet”
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® Photoactive levels still not visible above strange background
® 14 months into project = experiment is not feasible
® Impending facility review for Ken — lose funding?

® What is this background?!



Third attempt: Dried, ultra-concentrated LHC “pellet”
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® pPeak at hm = 30 eV — evidence for some “particle”
® Repeated experiment on plain water — still there.

® What is this thing?



Plasma oscillations in water
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® 8 valence electrons / molecule

Transferred Energy (eV)

® p=1g/cm3 = n=0.20 /A3
®w,= \(4pne?/m) = 16.6 eV

Transferred Momentum ( A1)



Inverting a plasmon?

® density Green’s function

X(k’@) . ® density propagator
® susceptibility

Describes how disturbances in electron density travel about the medium.

(X X501, =) = —i<[ﬁ(X2,t2), ﬁ(x1’t1)]> o(t, -1,)

(%)
Causality

(0,0)



Inverting a plasmon?
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v(x,t) defined at all times (infinitely narrow At)

Problem #2:
Discrete points violate causality
Im[y(k,®)] must be defined on continuous w interval.

Solution:
Analytic continuation (interpolate)

x(k,t) = /000 % [sin(wt) Imx(k, w) + cos(wt) Rex(k,w)]

Side effects:
v(x,t) defined forever, vanishes for t < 0, but repeats with period T = 13.8 femtoseconds



Disturbance from a point perturbation.

10 A

Electron dynamics in water (At = 41.3 as), PRL 92, 237401 (2004)



Disturbance from a point perturbation — frame-by-frame

(a) (e)

Units A-6 At=413as

clipped at 1 A6

Ax =1.24 A

® Events transpire in 350 as — light travels 100 nm in vacuum
® Causality < Analytic properties < Rise of entropy < Arrow of time
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Attosecond physics

Tanked up and ready
for action
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PERSPECTIVES: PHYSIC

Resolving Phys cal Processes
on the Attosecond Time Scale
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“Fastest movies ever made”

CHEMICAL & ENGINEERING

NEWS OF THE WEEK

JUNE 21, 2004 - EDITED BY WILLIAM G. SCHULZ & LINDA WANG

ULTRAFAST SPECTROSCOPY

ELECTRON MOVIES
IN ATTOSECONDS

X-ray scattering, data analysis method
lead to ultrafast imaging of electrons

ORGET THE 3-D GLASSES,
F The latest thing in cine-

matography is super-high-
speed frame-stopping electron
movies. Scientists at Cornell Uni-
versity have developed a proce-

cess the attosecond time regime.
The team, which includes Peter
Abbamonte, Ken D Finkelstein,
Marcus D. Collins, and Sol M.
Gruner, used the technique to
produce movies of electron mo-

energy shiftsin the scattered light,
scientists should be able to deduce
the way the pictures evolve over
time.

But there’sahitch: A key piece
of information known as the
phase, which is related to the X-
rays’ electric field, is needed ro
construct the images but cannot
be measured in the experiment.
The “phase problem” in inelastic
scattering is analogous to the one
in Xeray crystallography. Various
tricks for side-stepping the phase
problem have been devised for
crystallography applications but
not for inclastic scattering, So the

COURTESY OF PETER ABBAMONTE

Abbamonte

Chemical &
Engineering
News
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Physical Review

Phys. Rev. Lett 92 237401

(issue of 11 June 2004)
Title and Authors

X-Rayed Movie

Focus Archive

PNU Index

Image Index

Focus Search

Previous Story / Next Story / January - June 2004 Archive

A research team has produced the fastest movies
ever made of electron motion. Created by scattering
x rays off of water, the movies show electrons
sloshing in water molecules, and each frame lasts
just 4 attoseconds (quintillionths of a second). The
results, published in the 11 June PRL, could let
researchers "watch” chemical reactions even faster
than those viewable with today's "ultrafast” pulsed
lasers.

X rays can reveal atomic-scale spatial details in
liquids and solids because their wavelengths are as

mlhad Am tha dintanans habicann abames

P.

14 June 2004

y -
-y

bba Brookhaven nal Lab

Ripple effect. Researchers used x rays to
visualize the sloshing of electrons in water

Phys. Rev. Focus



Ongoing studies in “attoscience”

Excitons in salt

time = 0. as

Screening in graphene




How most people think science works*

*Note: Thinly veiled metaphor for life
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Thoughts for the Class of 2013:

1. Champion a cause. Pursue the unknown. Pioneer a new
area, found a startup company, etc. Drive change or it will
drive you.

2. Make plans, but don’t follow them. Life is not a straight
line. Make a five year plan, and update it every two weeks
(“Plans are nothing; planning is everything” — Eisenhower).

3. Don’t waste time on the unimportant. Pursue
happiness, not entertainment. The latter,
ironically, will leave you miserable.

4. Show some chutzpah. When cold, dark reality sets in, get
scared, but get busy.



