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LCLS is expanding our scientific knowledge in  Eiiias
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- FEL/Accelerator Journal Publications using
Papers LCLS coherent
40 B Xray Science Journal photons: #/per year
Papers

30

20 ~ 60% of papers in
high impact journals,

10 i like Nature, Science,

J Physical Review
0 - I I -]I I I I | Lette I'S.

Prior 2007 2008 2009 2010 2011 2012

703 proposals (~15 scientists/proposal)
» 31 countries
» only 1in 5 proposals receives beam time

l NATIONAL
= = @ ACCELERATOR

il A
P b NN\ | ABORATORY

C. Pellegrini, November 20, 2012
6



LCLS based publications: January/September 2012

"X-ray and optical wave mixing" T. E. Glover et al., Nature 488 603-608 (2012)
"Emerging opportunities in structural biology with X-ray free-electron lasers" lIme
Schlichting, Jianwei Miao, Current Opinion in Structural Biology (2012)

Evolution of three-dimensional correlations during the photoinduced melting of
antiferromagnetic order in La,.Sr, -MnQO," R. |. Tobey et al., Phys. Rev. B 86 064425
(2012)

Direct Measurements of the lonization Potential Depression in a Dense Plasma" O.
Ciricosta et al., Phys. Rev. Lett. 109 065002 (2012)

A single-shot transmissive spectrometer for hard x-ray free electron lasers" Diling Zhu et
al., Appl. Phys. Lett. 101 034103 (2012)

Amorphous to crystalline phase transition in carbon induced by intense femtosecond x-
ray free-electron laser pulses" J. Gaudin et al., Phys. Rev. B 86 024103 (2012)

"Exploring the wavefront of hard X-ray free-electron laser radiation" Simon Rutishaus et
al. Nature Communications 3 947 (2012)

"Noise-robust coherent diffractive imaging with a single diffraction pattern" A. V. Martin
et al, Optics Express 20 15 (2012) doi: 10.1364/0E.20.016650

"An anti-settling sample delivery instrument for serial femtosecond crystallography"
Lukas Lomb et al., J. Appl. Cryst. 45 (2012)

Fractal morphology, imaging and mass spectrometry of single aerosol particles in flight"
N. D. Loh et al., Nature 486 513-517 (2012)
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Femtosecond Single-Shot Imaging of Nanoscale Ferromagnetic Order in Co/Pd Multiiig s
Using Resonant X-Ray Holography " Tianhan Wang et al., Phys. Rev. Lett. 108 267403UCLA
(2012)

"Transient X-Ray Fragmentation: Probing a Prototypical Photoinduced Ring Opening"
Vladimir S. Petrovic et al., Phys. Rev. Lett. 108 253006 (2012)

C. Pellegrini "The history of X-ray free-electron lasers" Eur. Phys. J. H 37 (2012)

Nanoplasma Dynamics of Single Large Xenon Clusters Irradiated with Superintense X-Ray
Pulses from the Linac Coherent Light Source Free-Electron Laser" T. Gorkhover et al., Phys.
Rev. Lett. 108 245005 (2012)

"Ultrafast absorption of intense x rays by nitrogen molecules " Christian Buth et al., J.
Chem. Phys. 136 214310 (2012)

"Room temperature femtosecond X-ray diffraction of photosystem Il microcrystals" Jan
Kern et al., Proceedings of the National Academy of Sciences USA 109 (25) 9721 (2012)
Size-Dependent Ultrafast lonization Dynamics of Nanoscale Samples in Intense
Femtosecond X-Ray Free-Electron-Laser Pulses" Sebastian Schorb et al., Phys. Rev. Lett.
108 233401 (2012)

"High-Resolution Protein Structure Determination by Serial Femtosecond Crystallography
Sébastien Boutet et al, Science 337 (6092) 362 (2012)

"Femtosecond dark-field imaging with an X-ray free electron laser" A.V. Martin et al.,
Optics Express 20 13501-13512 (2012) "
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Phase fluctuations and the absence of topological defects in a photo-excited charge- &
ordered nickelate" W.S. Lee et al., Nature Communications 3 838 (2012) " '
Two-dimensional stimulated resonance Raman spectroscopy of molecules with
broadband x-ray pulses" Jason D. Biggs et al., J. Chem. Phys. 136 174117 (2012"
Temporal cross-correlation of x-ray free electron and optical lasers using soft x-ray pulse
induced transient reflectivity" O. Krupin et al., Optics Express 20 10, 11396-11406 (2012)
Development and calibration of mirrors and gratings for the soft x-ray materials science
beamline at the Linac Coherent Light Source free-electron laser " Regina Soufli et al.,
Applied Optics 50 12, 2118 (2012)
"High wavevector temporal speckle correlations at the Linac Coherent Light Source " S.
Lee et al., Optics Express 20 9, 9790-9800 (2012)
Experimental Verification of the Chemical Sensitivity of Two-Site Double Core-Hole States
Formed by an X-Ray Free-Electron Laser" P. Salén et al, Phys. Rev. Lett. 108 9, 15
"The soft x-ray instrument for materials studies at the linac coherent light source x-ray
free-electron laser " W. F. Schlotterh et al., Review of Scientific Instruments 83 043107
(2012)
Explosions of Xenon Clusters in Ultraintense Femtosecond X-Ray Pulses from the LCLS
Free Electron Laser " H. Thomas et al., Phys. Rev. Lett. 108 133401 (2012) "
X-ray—optical cross-correlator for gas-phase experiments at the Linac Coherent Light
Source free-electron laser " S. Schorb et al., Applied Physics Letters 100 121107, (2012) "
X-ray pulse preserving single-shot optical cross-correlation method for iggroyed, .. ...
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"Ultrafast X-ray Experiments Using Terahertz Excitation " Matthias C. Hoffmann & Joshtig
J. Turner Synchrotron Radiation News Volume 25 Issue 2 (2012)
"Ultrafast Photovoltaic Response in Ferroelectric Nanolayers" D. Daranciang et al., Phys.
Rev. Lett. 108 087601 (2012)

"X-ray and optical wave mixing" T. E. Glover et al., Nature 488 603-608 (2012)

"Emerging opportunities in structural biology with X-ray free-electron lasers" lime
Schlichting, Jianwei Miao, Current Opinion in Structural Biology (2012) "

Evolution of three-dimensional correlations during the photoinduced melting of
antiferromagnetic order in La,.Sr, -MnQ," R. |. Tobey et al., Phys. Rev. B 86 064425
(2012)

"Direct Measurements of the lonization Potential Depression in a Dense Plasma" O.
Ciricosta et al., Phys. Rev. Lett. 109 065002 (2012)

"A single-shot transmissive spectrometer for hard x-ray free electron lasers" Diling Zhu et
al., Appl. Phys. Lett. 101 034103 (2012) "

Amorphous to crystalline phase transition in carbon induced by intense femtosecond x-
ray free-electron laser pulses" J. Gaudin et al., Phys. Rev. B 86 024103 (2012)

"Exploring the wavefront of hard X-ray free-electron laser radiation” Simon Rutishaus et
al. Nature Communications 3 947 (2012)

"Noise-robust coherent diffractive imaging with a single diffraction pattern” A. V. Martin
et al, Optics Express 20 15 (2012) doi: 10.1364/0E.20.016650
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"An anti-settling sample delivery instrument for serial femtosecond crystallography"
Lomb et al., J. Appl. Cryst. 45 (2012)

"Fractal morphology, imaging and mass spectrometry of single aerosol particles in flight
N. D. Loh et al., Nature 486 513-517 (2012)

Femtosecond Single-Shot Imaging of Nanoscale Ferromagnetic Order in Co/Pd Multilayers
Using Resonant X-Ray Holography " Tianhan Wang et al., Phys. Rev. Lett. 108 267403
(2012)

"Transient X-Ray Fragmentation: Probing a Prototypical Photoinduced Ring Opening"
Vladimir S. Petrovic et al., Phys. Rev. Lett. 108 253006 (2012)

C. Pellegrini "The history of X-ray free-electron lasers" Eur. Phys. J. H 37 (2012)

Nanoplasma Dynamics of Single Large Xenon Clusters Irradiated with Superintense X-Ray
Pulses from the Linac Coherent Light Source Free-Electron Laser" T. Gorkhover et al., Phys.
Rev. Lett. 108 245005 (2012)

"Ultrafast absorption of intense x rays by nitrogen molecules " Christian Buth et al., J.
Chem. Phys. 136 214310 (2012)

"Room temperature femtosecond X-ray diffraction of photosystem Il microcrystals" Jan
Kern et al., Proceedings of the National Academy of Sciences USA 109 (25) 9721 (2012)

Size-Dependent Ultrafast lonization Dynamics of Nanoscale Samples in Intense
Femtosecond X-Ray Free-Electron-Laser Pulses" Sebastian Schorb et al. gliys‘R;y lett,
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"Femtosecond dark-field imaging with an X-ray free electron laser" A.V. Martin et al., N
Optics Express 20 13501-13512 (2012) " :
Phase fluctuations and the absence of topological defects in a photo-excited charge-
ordered nickelate" W.S. Lee et al., Nature Communications 3 838 (2012) "
Two-dimensional stimulated resonance Raman spectroscopy of molecules with
broadband x-ray pulses" Jason D. Biggs et al., J. Chem. Phys. 136 174117 (2012"
Temporal cross-correlation of x-ray free electron and optical lasers using soft x-ray pulse
induced transient reflectivity" O. Krupin et al., Optics Express 20 10, 11396-11406 (2012)
Development and calibration of mirrors and gratings for the soft x-ray materials science
beamline at the Linac Coherent Light Source free-electron laser " Regina Soufli et al.,
Applied Optics 50 12, 2118 (2012)

"High wavevector temporal speckle correlations at the Linac Coherent Light Source " S.
Lee et al., Optics Express 20 9, 9790-9800 (2012) "

Experimental Verification of the Chemical Sensitivity of Two-Site Double Core-Hole States
Formed by an X-Ray Free-Electron Laser" P. Salén et al, Phys. Rev. Lett. 108 9, 15 "

The soft x-ray instrument for materials studies at the linac coherent light source x-ray
free-electron laser " W. F. Schlotterh et al., Review of Scientific Instruments 83 043107
(2012)"

Explosions of Xenon Clusters in Ultraintense Femtosecond X-Ray Pulses from the LCLS
Free Electron Laser " H. Thomas et al., Phys. Rev. Lett. 108 133401 (2012) "

X-ray—optical cross-correlator for gas-phase experiments at the Linac Coherent Light
Source free-electron laser " S. Schorb et al., Applied Physics Letters 100 Eﬂﬁ-@@fﬁ%ﬁ’m
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X-ray pulse preserving single-shot optical cross-correlation method for improved
experimental temporal resolution " M. Beye et al., Applied Physics Letters 100 12110
(2012)

"Ultrafast X-ray Experiments Using Terahertz Excitation " Matthias C. Hoffmann &
Joshua J. Turner Synchrotron Radiation News Volume 25 Issue 2 (2012)

"Ultrafast Photovoltaic Response in Ferroelectric Nanolayers" D. Daranciang et al.,
Phys. Rev. Lett. 108 087601 (2012)

"Molecular Frame Auger Electron Energy Spectrum from N2" J.P. Cryan et al., J. Phys.
B: At. Mol. Opt. Phys. 45 055601 (2012)"

Angle-Resolved Electron Spectroscopy of Laser-Assisted Auger Decay Induced by a
Few-Femtosecond X-Ray Pulse " M. Meyer et al., Phys. Rev. Lett. 108 063007 (2012)
"Free-Electron Lasers: New Avenues in Molecular Physics and Photochemistry "
Joachim Ullrich, Artem Rudenko and Robert Moshammer Annu. Rev. Phys. Chem. 63
635-60 (2012) "

Femtosecond Free-electron Laser X-ray Diffraction Data Sets for Algorithm
Development" S. Kassemeyer et al, Optics Express 20 4, 4149-4158 (2012)

"In Vivo Protein Crystallization Opens New Routes in Structural Biology" R. Koopmann
et al., Nature Methods 9 259 (2012)

"Lipidic Phase Membrane Protein Serial Femtosecond Crystallography" L.C. Johansson
et al., Nature Methods 9 263 (2012)

Atomic Inner-Shell X-ray Laser at 1.46 Nanometres Pumped by an X-ray Free-Electron

Laser" N. Rohringer et al., Nature 481, 488-491 (2012) O AL N Erator
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Creation and Diagnosis of a Solid-Density Plasma with an X-ray Free-Electron Laser"
Vinko et al., Nature 482 59-62 (2012)

Time-resolved Protein Nanocrystallography Using an X-ray Free-electron Laser" A. Aquila

et al., Optics Express 20, 2706-2716 (2012)"

Femtosecond Dynamics of the Collinear-to-Spiral Antiferromagnetic Phase Transition in
CuQ"S. L. Johnson et al., Phys. Rev. Lett. 108, 037203 (2012"

Single Shot Spatial and Temporal Coherence Properties of the SLAC Linac Coherent Light
Source in the Hard X-Ray Regime" C. Gutt et al., Phys. Rev. Lett. 108, 024801 (2012)"
Self-terminating Diffraction Gates Femtosecond X-ray Nanorystallography

Measurements" A. Barty et al., Nature Photonics 6, 35-40 (2012)

"Demonstration of self-seeding in a hard-X-ray free-electron laser" J. Amann et al.,
Nature Photonics (2012)

Observation of Shot Noise Suppression at Optical Wavelengths in a Relativistic Electron
Beam" D. Ratner, G. Stupakov, Phys. Rev. Lett. 109 034801 (2012)

Laser Phase Errors in Seeded Free Electron Lasers" D. Ratner, A. Fry, G. Stupakov, W.
White "Phys. Rev. ST Accel. Beams 15 030702 (2012)

Ultra-precise Characterization of LCLS Hard X-ray Focusing Mirrors by High Resolution
Slope Measuring Deflectometry” F. Siewert, Optics Express 20 4, 4525-4536 (2012)
“Generation of longitudinally coherent high power X-ray pulses by phase and amplitude
mixing (iISASE)”, J. Wu, A. Marinelli, and C. Pellegrini, Proc. 2012 FEL Conf., Nara Japan
(2012).
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Physics possibilities at a low
energy e-y collider

G. Venanzoni
INFN/LNF Frascati




Physics case

High intensity electron-gamma interactions at low energy can be a
valuable tool for precise tests of the SM and discovering physics

BSM.

At ELI-NP, with E.=500-800 MeV and E.=10-20 MeV, the c.m. energy
available is 140-250 MeV. This is just above the n® mass and
therefore the I'(x®—yy) can be precisely measured:

vy+te —=n’+ e

In addition possible searches for hypothetical light bosons (u bosons)
can be done (for M <250 MeV):

yte —=u+ e

’
4

Y
/,—<
There are additional motivations (double and triple Compton, uu
production near threshold, etc...)




The scientific case for a
photon-photon collider

Edoardo Milotti
Universita e INFN-Sezione di Trieste
milotti@ts.infn.it
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Final comments

* a high-energy photon-photon collider is an ideal tool to search for new
physics by exploiting the reaction

Y +v — H — final state

* such a machine is highly efficient at this task, because it requires less energy
and the cross-sections are higher than those in electron machines

=I5 " VS.

Vector boson fusion Top fusion



* a high-energy machine works in a “discovery mode”

* by contrast, a low-energy machine verifies the fundamental tenets of the
theory, and helps us reexamine the foundations of QED and QFT

* in my opinion, this “foundational mode” is quite important, and is an
irreplaceable companion of the “discovery mode”.

People do not seem to realize that they are really departing from the original Heisenberg

theory ...
Indeed there is some justification for that because rules can be set up to remove the infinities.

This is the renormalization process.

It turns out that, sometimes, one gets very good agreement with experiments working with
these rules. In particular if one has charged particles interacting with the electromagnetic field,
these rules of renormalization give surprisingly, excessively good agreement with experiments.

Most physicists say that these working rules are, therefore, correct. | feel that this is not an
adequate reason.”

P.A.M. Dirac: "The inadequacies of quantum field theory", 1984
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A
N, =3-10°; N, =1-10° (£ =10%)

Yy

fertt, =100x1=> L[cm™s™']=1.0- 1027/((70 [‘um])2

to get up to L=10"" cm™s™" we need o, =1 um

achieve 10 events/day




W[MeV]=2,T, hv, ; T, =(y -Dmc’

A
ex. ELI — NP beams:N,=2-10"; N, =3-10° ( Yy =10%)

vy

fren, =100x100 = Licm™s™] = 4.8:10%/ (o, [um])

to getupto L =10" cm™s™' we need o, =0.22 um




Possibili applicazioni di fasci
di neutroni da fotoproduzione

Antonino Pietropaolo
ENEA-Centro Ricerche Frascati
Laboratorio Tecnologie Nucleari



Possibili applicazioni deil fasci d
neutroni

 Neutron Resonance Capture Analysis* (fascio incidente)
- Diffrazione* (fascio diffuso)
 Bragg edge transmission* (fascio incidente)

« Radiografia (fascio incidente)
 Tomografia (fascio incidente)
« Chip Irradiation (fascio incidente)

 R&D su rivelatori di neutroni (3He replacement etc) e
strumentazione (training)

* Tecnica del tempo di volo




R&D e training

« Strumentazione e componenti:

— linee di fascio, guide di neutroni, rivelatori (3He
replacement, neutroni veloci)

« Target station:

— targhetta di produzione, sistemi di moderatori/
riflettori/liner e shielding, tailoring dei fasci per avere
spettri atmospheric-like

« Uso delle tecniche neutroniche descritte




Possibili soggetti interessati

Operatori museali e archeologi:
— NRCA, BET, Diffrazione, radiografia e tomografia

Universita ed Enti di Ricerca :
— training e R&D

Industrie a livello nazionale e internazionale:
— Danneggiamento dei materiali
— Danneggiamento di componenti elettronici

Medicale:

— Boron Neutron Capture Therapy
— Altro ?






