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Samuel (Sam) Krucker

June 13, 1967

Uzwil, SG, Switzerland

Swiss

SpaceScienced aboratory, University of California,
7 GaussWay, Berkeley, CA 94720-7450USA
krucker@ssl.lerkeleyedu

+1 5106433101

Study of experimental physics, ETH Zurich, Switzerland

Diploma in experimental physics (Masters Degree),ETH Zurich

Diploma thesisin Quantum Electronics: "In vestigations on Photorefractive KNbO 3

in the Red and Near Infrared" (Prof. P. Gunter)

PhD student at the Institute of Astronomy, ETH Zwrich (Prof. A. O. Benz)

Researt visit at the National Radio Astronomy Obsenatory, Socorro, NM, USA
Researb visit at the Institute of Spaceand Astronautical Science,Tokyo, Japan

Ph. D. Thesis: "Small Solar Flaresin Radio and X-rays: Micro ares and Radio Bursts"

Status:

Post-doctorate position at the SpaceScienced aboratory,

University of California, Berkeley (with Prof. R. P. Lin)

Fellowship of the SwissNational ScienceFoundation awarded (1 year)

Extension of fellowship of the SwissNational ScienceFoundation (2 years)
Assistart researt physicist at the SpaceScienced_aboratory

Named Co-Investigator of the NASA small explorer mission RHESSI

Named Co-Investigator of the NASA mission STEREO (SWAVES instrument)
Asscriate researt physicist at the SpaceScienced aboratory

Senior Fellow at the SpaceScienced aboratory, University of California, Berkeley
Pl of FOXSI (NASA low cost accesgo spacesounding rocket mission)

Member of the Executive Committee to the director of the SpaceScienced aboratory



Exp erience:

Planning, design,and calibration of spacecraftinstrumentation

— PI of NASA sounding rocket (awarded 2007,to be launched 2010)
— Proposing Co-PI of the STIX instrument on Solar Orbiter

— testing hard X-ray focusing optics

— RHESSI imager testing

— studiesfor future inner heliosphericmissions(Solar Orbiter, Solar Probe Plus, Sertinels)

Data analysisand interpretation of solar obsenations:

X-ray and gamma-ray obsenations with RHESSI

Spectral and imaging radio obsenations of the Sun
— In-situ obsenations of solar particle everts detectedin interplanetary space(WIND/3dp).

— Furthermore, | have extensive experiencein obsenation and data analysiswith the fol-
lowing instruments: VLA, Yohkoh SXT, Hinode XRT, EIT, STEREO/SECCHI, CDS,
SUMER, TRA CE, GOES/SXI, Ulysses/GRB, particle detectors on ACE, SOHO, and
Ulysses,radio obsenations with WIND/W AVES and STEREO/W AVES

— Software developmert in IDL for data analysisin particular for the RHESSI mission
supervising and instructing undergraduate and graduate students
lecturer at summer schools
group leaderand scienti ¢ organizer of meetingsand workshops

Pl of successfuNASA SR&T, Gl, and LCAS proposals

External Funding as PI:

1997-2000 SwissScienceFoundation (Origin of solar energetic particles) $90,000
2002-2003 NASA Heliospheric SR&T (Coronal Mass ejection and solar energetic particles) $55,300
2004 France-Berleley Fund (Origin of solar energetic particles) $10,000
2005-2006 NASA guestinvestigator proposal (RHESSI micro ares and coronal heating) $124,400
2007-2008 NASA guestinvestigator proposal (Solar impulsive electron everts) $131,400
2007-2010 NASA Low Cost Accessto Space(sounding rocket, HXR focusing optics) $1,740,000

Pending Funding as PI:

2009-2010 NASA Heliospheric SR&T (Coronal HXR sources) $268,200



Recent (2002-2008) Invited Presentations:
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14.

15.

16.

17.

. FASR workshop, Green Bank, WV, USA, May 2002,"Coronal heating and microbursts"

. American Geophysical Union (AGU) spring meeting, Washington, DC, USA, May 2002,"X-

ray signaturesrelated to energetic electronsescapingfrom the Sun: First RHESSI results"

. Solar Physics Division (SPD) Meeting, Albuquerque, NM, USA, June 2002,"X-ray Imaging

spectroscoly with RHESSI: rst results”

. 34th COSPAR Sciertic Assenbly, Houston, TX, USA, October 2002, "Understanding of

Particle Acceleration from in situ Electron Measuremems"

. Solar Imaging Radio Array (SIRA) workshop, Lanham, MD, USA, May 2003, "SEPs and

Solar Radio Bursts"

. JUGG 2003 General Assenbly, Sapporo, Japan, June 2003, "Recert results from RHESSI"
. JIUGG 2003 General Assenbly, Sapporo, Japan, June 2003, "Micro are heating"

. American Geoplysical Union AGU Fall Meeting, San Francisco, CA, USA, Decenber 2003,

"Flare activity during the October/November storms"

. American Geophysical Union (AGU) spring meeting, Montreal, Canada, May 2004, "Flare

activit y during the October/November storms"

Solar Physics Division (SPD) meeting, Denver, CO, USA, May 2004,"RHESSI obsenations
during the Halloweeneverts 2003"

SHINE Workshop, Big Sky, MT, USA, June 2004, "Solar particle acceleration and their
escape into interplanetary space"

Cool Stars Workshop 13, Hamburg, Germany, July 5-9, 2004,"New insights into solar physics
from RHESSI"

35th COSPAR Sciertic Assenbly and Asscciated Evernts, Paris, France, July 2004, "Impul-
sive electron everts seenat 1 AU and their solar origin: a review of recert results"

SoHO 15workshop, University of St. Andrews, St. Andrews, Scotland, UK, Septenber 2004,
"Ov erview of RHESSI results”

Nobeyama Symposium, Kiy osato, Japan, October 2004, "Radio and RHESSI X-ray obsena-
tions"

"X-ray Workshop: X-rays from Young Stars, the Sun, and Compact Systems", Taipei, Tai-
wan, Decenber 16-17,2004,"Solar X-ray and Gamma-ray obsenations"

Magnetic Reconnection meeting 2005, "Astroph ysical Reconnection and Particle Acceler-
ation", March 8-10, 2005, Awajishima Island, Japan, "Observations of Solar Flares with
RHESSI"
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20.

21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

Nobeyama workshop, Nobeyama, Japan, August 22-26, 2005, "RHESSI X-ray and radio
obsenations"

The European Union Researt Training Network on Turbulencein SpacePlasmas- Theory,
Obsenation and Simulation, Castello di Montegufoni, Italy, October 3-7, 2005, "Diagnostics
of solar particle acceleration”

STEREO-Solar-B workshop, Turtle Bay, Hawaii, November 15-18,2005,"Combined RHESSI-
Yohkoh-Trace-WIND studies”

American Geophysical Union AGU Fall Meeting, San Francisco, CA, USA, Decenber 2005,
"RHESSI X-ray and Gamma-ray obsenations of the January 20, 2005event”

ILWS Workshop, Goa, India, February 20-24,2006,"Solar are imaging"

Shine workshop, Midway, UT, USA, July 31 - August 4, 2006, "Where can shocks form in
the solar corona: X-ray obseravations"

CESRA workshop, loannina, Greece,June 12 - 16, 2007, "Solar energetic particles, ares
and CMEs - presen status and STEREO perspective"

Shine workshop, Whistler, BC, Canada, July 30 - August 3, 2007, "Observations of electron
beamsin the solar corona: X-ray, radio, and in-situ obsenations"

International Astronomical Union Symposium 247, Porlamar, Isla de Margarita, Venezuela,
Septenber 17-22, 2007, "Electron acceleration in solar ares: X-ray and in-situ electron
obsenations"

1st SMESE Workshop, Paris, France, March, 10-12,2008. "Hard X-ray Emission from the
Solar Corona"

Shine workshop, Midway, UT, USA, June 23 - June 28, 2008, "Hard X-rays and type IlI
radio bursts"

Shineworkshop, Midway, UT, USA, June 23 - June 28, 2008,"Coronal hard X-ray emissions
assaiated with Coronal Mass Ejections”

8th RHESSI Workshop, Potsdam, Germany, Septenber 2-6,2008,"Hard X-Ray and Gamma-
Ray Sources,and their relation to CMEs and SEPs"



During the sametime period, seminarswere given at the University of California, Berkeley;
Lockheed Martin Advanced Tedinology Certer, Palo Alto; UC Sarta Cruz, Sarta Cruz; Univer-
sity of Arizona, Tucson;NASA Goddard SpaceFlight Center, Maryland; Applied PhysicsLabora-
tory, Laurel, Maryland; ETH Zwrich, Switzerland; University of Bern, Switzerland; Physikalisch-
Meteorologishes Obsenatorium Davos, Switzerland; Obsenatoire de Paris, Meudon, France; As-
tropysical Institute Potsdam, Germany; University of Glasgaw, UK; Aristotle University of Thes-
saloniki, Greece;Moscav State University, Moscav, Russia; National Certral University, Jhongli,
Taiwan; Kyoto University, Japan; and Tokyo University, Japan

Additionally , at leastasmany cortributed preserations were givenat numeroussciertic meet-
ings.

Refereefor Astrophysical Journal, Geophysical Researt Letter, Solar Physics, Astronomy &
Astrophysics, and NSF and NASA researt proposals.

Organizer of Meetings and Workshops

Working group leader at the ACE-RHESSI-WIND workshop in Taos, New Mexico, USA,
October, 7-9, 2003

Working group leader at the RHESSI-SOHO-TRACE workshop in Sonoma, California, De-
cember 8-11,2004

Co-organizerof Special Sessioron 'Solar Energetic Particles: How Much Injection Delay, How
Much Propagation Scattering?' at the American Geophysical Union meeting in Baltimore,
USA, May 23-26,2006

Organizer of the RHESSI-NESSI workshop serieson 'X-ray Imaging Spectroscopy', Paris,
France, April 3-4, 2006;and Berkeley, USA, Novenber 6-8, 2006

Team leader of workshop on 'Coronal X-ray sources'at the International Space Science
Institute, Bern, Switzerland, October 3-6, 2006 and May 8-11, 2007

Co-organizer of Special Sessionon 'Particle Acceleration and Transport in the Sun and In-
terplanetary Space'at the American Geophysical Union meeting in Fort Lauderdale, USA,
May 27-30,2008

Working group leader at the SHINE meeting, 'HXRs and Particle Acceleration’, Midway,
June 23-28,2008

Member of the organizing Committee of the conference"Solar activity during the onset of
Solar Cycle 24", Napa, USA, 7-12 Decenber 2008



Publications (P apers in refereed journals)
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11.

12.

13.

14.

. Sam Krucker & Arnold O. Benz: ’ The frequency ratio of bands of microwave spikes during

solar flares’, Astronomy & Astrophysics, 285, 1038,1994

. C. Medrano, M. Zgonik, N. Sonderer,Ch. Beyeler, Sam Krucker, J. Seglins,H. West, and P.

Gnter: ’ Photorefractive effect in Cu- and Ni-doped KNbO3 in the visible and near infrared’,
Journal of Applied Physics, 76, Issue 10, pp. 5640-5645,1994

. Sam Krucker, Markus J. Aschwanden, Tim S. Bastian & Arnold O. Benz: ’First VLA obser-

vation of a solar narrowband, millisecond spike event’, Astronomy & Astrophysics 302,551,
1995

. Sam Krucker, Arnold O. Benz, Markus J. Aschwanden& Tim S. Bastian: ’Location of type I

radio continuum and bursts on Yohkoh soft X-ray maps’, Solar Physics 160, 151, 1995

. Sam Krucker, Arnold O. Benz & Markus J. Aschwanden: ’Yohkoh observation of the source

regions of solar narrowband, millisecond spike events’, Astronomy & Astrophysics, 317,569,
1997

. Arnold O. Benz, Sam Krucker, Loren W. Acton & Tim S. Bastian: ’Fine structure of the

X-ray and radio emission of the quiet solar corona’, Astronomy & Astrophysics, 320, 993,
1997

. Sam Krucker, Arnold O. Benz, Tim S. Bastian & Loren W. Acton: ’'X-ray and radio mi-

croflares in the magnetic network of the quiet Sun’, Astrophysical Journal, 488,499, 1997

. Arnold O. Benz & Sam Krucker: ’Heating Events in the Quiet Solar Corona’, Solar Physics,

182,349,1998

. Sam Krucker & Arnold O. Benz: ’Energy Distribution of Heating Processes in the Quiet

Solar Corona’, Astrophysical Journal, 501, L213, 1998

S.D. Bale, M. J. Reiner, J.L. Bougeret, M. L. Kaiser, Sam Krucker, D. E. Larson, & R. P.
Lin: "The Source Region of an Interplanetary Type II Radio burst’, Geophy. Res. Letters,
26, 1573,1999

Arnold O. Benz& Sam Krucker: ’Heating Events in the Quiet Solar Corona: multiwavelength
correlations’, Astronomy and Astrophysics, 341,286, 1999

Sam Krucker, Robert P. Lin, Davin E. Larson & Barbara J. Thompson: ’On the Origin of
Impulsive Electron Events Observed at 1 AU’, Astrophysical Journal, 519, 864, 1999

Sam Krucker, Robert P. Lin: "Two Classes of Solar Proton Events Derived from Onset Time
Analysis’, Astrophysical Journal Letters, 542,161, 2000

Brown, J. C.; Krucker, S.; Gudel, M.; Benz, A. O.: "Mechanisms for dynamic coronal mass
supply via evaporative solar micro-events’, Astronomy and Astrophysics, 359, 1185,2000
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26.
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29.

Sam Krucker & Arnold O. Benz: ’Are Heating Events in the Quiet Solar Corona Small
Flares? - Multiwavelength Observations of Individual Fvents’, Solar Physics, 191,341, 2000

Benz, Arnold O.; Lin, Robert P.; Sheiner,Olga A.; Krucker, Sam; Fainberg, Joe, "The Source
Regions of Impulsive Solar Electron Fvents’; Solar Physics, 203,131, 2001

Maia, Dalmiro; Pick, Monique; Hawkins, S. Edward, IIl; Krucker, Sam:’Solar Origin of a
Series of Well-collimated Electron Events’, Astrophysical Journal, 560, 1068,2001

A. Klassen,V. Bothmer, G. Mann, M. Reiner, Sam Krucker, A. Vourlidas, H. Kunow, ’ Solar
energetic electron events and coronal shocks’, Astronomy and Astrophysics, 385, 1078,2002

Bieber, J.W.; Droge, W.; Evenson,P.A.; Pyle, R.; Ruolo, D.; Pinsook, U.; Tooprakai, P.;
Rujiwarodom, M.;Khumlumlert, T.; Krucker, Sam, ’Energetic Particle Observations during
the 2000 July 14 Solar Event’, Astrophysical Journal, 567, 622,2002

Benz, Arnold O.; Krucker, Sam, ’Energy Distribution of Microevents in the Quiet Solar
Corona’, Astrophysical Journal, 568, 413, 2002

Lin, R.P. and 67 co-authors: "The Reuven Ramaty High Energy Solar Spectroscopic Imager
(RHESSI)’, Solar Physics 210, 3, 2002

Hurford, G.H. and 13 co-authors: "The RHESSI Imaging Concept’, Solar Physics 210, 61-86,
2002

Peter Gallagher, Brian Dennis, Sam Krucker, Richard Scwartz, Kim berly Tolbert: "RHESSI
and TRACE observations of the 21 April 2002 X1.5 flare’, Solar Physics 210, 341-356,2002

Linhui Sui, Gordon Holman, Brian Dennis, Sam Krucker, Richard Scwartz, Kim berly Tol-
bert: ’Modeling Images and Spectra of a Solar Flare Observed by RHESSI on 20 February
2002’°, Solar Physics 210, 245-259,2002

Nicole Vilmer, Sam Krucker, Robert P. Lin: ’Hard X-ray and metric/decimeteric radio ob-
servations of the the 20 Februray 2002 solar flare’, Solar Physics 210, 261, 2002

Sam Krucker & Robert P. Lin: ’Relative Timing and Spectra of Solar Flare Hard X-ray
Sources’, Solar Physics 210, 229, 2002

Sam Krucker, Steven Christe, Robert P. Lin, Gordon Hurford, Richard Scwartz: ’Hard
X-ray Microflares down to 8 keV’, Solar Physics 210, 445, 2002

Dalla, S.; Balogh, A.; Krucker, Sam; Posner, A.; Mller-Mellin, R.; Anglin, J. D.; Hofer, M.
Y.; Marsden, R. G.; Sanderson,T. R.; Tranquille, C.; Heber, B.; Zhang, M.; McKibb en, R.
B.: ’Properties of high heliolatitude solar energetic particle events and constraints on models

of acceleration and propagation’, Geophysical Researt Letters, 30, 8035,2003

Gimenez de Castro, C. G.; Silva, A. V. R.; Trottet, G.; Costa, J. E. R.; Kaufman, P;
Correia, E.; Krucker, Sam; Martinez, G.; Rovira, M.; Lthi, T.; Magun, A.; Levato, H.: A
multiwavelength analysis of the August 30, 2002 flare’, Boletim da Sociedade Astronmica
Brasileira, 23, 23, 2003



30.

31.

32.

33.

34.

35.

36.
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39.
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41.

42.

43.

Sam Krucker: ’On the origin of solar energetic particles’, Lecture notesin Physics, 179-192,
2003

Klein, K.L., Krucker, Sam, and Trottet, G.: "WIND/38DP and Nancay radioheliograph ob-
servations of solar energetic electron events’, Advancesin SpaceReseart, Volume 32, Issue
12, p. 2521,2003

Vilmer, N.; Krucker, S.; Trottet, G.; Lin, R. P.: "Hard X-ray and metric/decimetric spatially
resolved observations of the 10 April 2002 solar flare’, Advancesin SpaceResearb, 32,2509,
2003

Emslie, A.G., Kontar, E.P., Krucker, Sam, and Lin, R.P..:’RHESSI Hard X-ray Imaging
Spectroscopy of the Large Gamma-Ray Flare of July 23, 2002°, ApJL, 595,107, 2003

White, S.M., Krucker, Sam, Shibasaki, K., Yokoyama, T., Shimojo, M., and Kundu, M.R.:
‘Radio and hard X-ray images of high-energy electrons in a compact X-class solar flare’,

ApJL, 595,L111, 2003

Hurford,G.J., Schwartz,R.A., Krucker,S.,Lin,R.P., Smith,D.M., and Vilmer,N.: ’First gamma-
ray images of a solar flare’, ApJL, 595,L77, 2003

Lin, R.P., Krucker, S.,and 11 coauthors..’RHESSI Observations of Particle Acceleration and
energy Release in an Intense Solar Gamma-Ray Line Flare’, ApJL, 595, L69, 2003

Sam Krucker, Hurford,G.J., and Lin,R.P.: "Hard X-ray Source Motions in the July 23, 2002
Gamma-ray Flare’, ApJL, 595,L103, 2003

Karlicky, M.; Farnik, F.; Krucker, Sam: ’High-frequency slowly drifting structures and X-ray
sources observed by RHESSI’, Astronomy and Astrophysics, 419, 365, 2004

Yurchyshyn, Vasyl; Wang, Haimin; Abramenko, Valentyna; Spirock, Thomas J.; Krucker,
Sam: ’‘Magnetic Field, Ho, and RHESSI Observations of the 2002 July 23 Gamma-Ray
Flare’, Astrophysical Journal, 605, 546, 2004

Liu, Chang; Qiu, Jiong; Gary, Dale E.; Krucker, Sam; Wang, Haimin: ’Studies of Microflares
in RHESSI Hard X-Ray, Big Bear Solar Observatory Hoa, and Michelson Doppler Imager
Magnetograms’, Astrophysical Journal, 604,442,2004

Aschwanden, M.J.; Metcalf, T.R.; Krucker, Sam; Sato, J.; Conway, A.J.; Hurford, G.J,;
Sdmahl, E.J.: 'On the Photometric Accuracy of RHESSI Imaging and Spectrosocopy’, Solar
Physics, 219, 149, 2004

Kundu, M. R.; Garaimov, V. |.; White, S. M.; Krucker, Sam: ’Nobeyama Radioheliograph
and RHESSI Observations of the X1.5 Flare of 2002 April 21°, Astrophysical Journal, 600,
1052,2004

Gopalswamy, N.; Yashiro, S.; Krucker, Sam; Sterborg, G.; Howard, R. A.: ’Intensity varia-

tion of large solar energetic particle events associated with coronal mass ejections’, Journal

of Geoplysical Researt, Volume 109, IssueA12, CitelD A12105,2004
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Klein, K.-L.; Krucker, Sam; Trottet, G.; Hoang, S.: ’Coronal phenomena at the release of
solar energetic electron events’, Astronomy & Astrophysics, 431, 1047,2005

Pick, M.; Demoulin, P.; Krucker, Sam; Malandraki, O.; Maia, D.: ’Radio and X-Ray Sig-
natures of Magnetic Reconnection behind an Ejected Flux Rope’, Astrophysical Journal, 625,
1019,2005

Hurley, K.; Boggs,S. E.; Smith, D. M.; Duncan, R. C.; Lin, R.; Zoglauer, A.; Krucker, Sam;
Hurford, G.; Hudson, H.; Wigger, C.; and 10 coauthors ’An exceptionally bright flare from
SGR 1806-20 and the origins of short-duration gamma-ray bursts’, Nature, 434,1098, 2005

Dauphin, C.; Vilmer, N.; Luthi, T.; Trottet, G.; Krucker, Sam; Magun, A.: ’Modulations
of broad-band radio continua and X-ray emissions in the large X-ray flare on 03 November

2003’, Advancein SpaceResearb, 35, Issue 10, 1805,2005

Klassen, A.; Krucker, Sam; Kunow, H.; Muller-Mellin, R.; Wimmer-Schweingruber, R.;
Mann, G.; Posner,A.: Solar energetic electrons related to the 28 October 2003 flare’, JIGRA,
Volume 110, Issue A9, CitelD A09S0, 2005

Sam Krucker, M.D. Fivian & Robert P. Lin: ’Hard X-ray footpoint motions in solar flares:

comparing magnetic reconnection models with observations’, Advancein SpaceResearb, 35,
Issue 10, 1707,2005

Wang, L., Lin, R.P., Sam Krucker, Gosling, J.T.: ’Evidence for double injections in scatter-
free solar impulsive electron events’, Geophysical Researt Letters, Volume 33, Issue3, CitelD
L03106, 2006

Dauphin, C.; Vilmer, N.; Krucker, Sam: ’Observations of a soft X-ray rising loop associated

with a type II burst and a coronal mass ejection in the 03 November 2003 X-ray flare’,
Astronomy and Astrophysics, 455, 339, 2006

Hurford, G. J.; Krucker, Sam; Lin, R. P.; Scwartz, R. A.; Share, G. H.; Smith, D. M.:
"Gamma-Ray Imaging of the 2003 October/November Solar Flares’, The Astrophysical Jour-
nal, 644,193, 2006

Yan, Y.; Pick, M.; Wang, M.;, Sam Krucker; Vourlidas, A.: ’A Radio Burst and Its Associated
CME on March 17, 2002°, Solar Physics 239, 239, 2006

Reiner, M. J., Sam Krucker; Gary, D. E.; Dougherty, B. L.; Kaiser, M. L.; Bougeret, J.-L.
'Radio and White-Light Coronal Signatures Associated with the RHESSI Hard X-Ray Fvent
of 2002 July 23°, The Astrophysical Journal, 657,1107,2007

Sam Krucker, E.P. Kontar & Robert P. Lin: ’Solar Flare Electron Spectra at the Sun and
near the Earth’, The Astrophysical Journal, 663,109, 2007

Kartavykh, W. Droege,B. Klecker, G. M. Mason, E. Moebius, M. Popedi, and Sam Krucker:
‘Buvidence for a Two-Temperature Source Region in the >He-Rich Solar Energetic Particle

Event of 2000 May 1°, The Astrophysical Journal, 671, 947,2007
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67.

68.

69.

70.

Sam Krucker, S.M. White, & Robert P. Lin: ’Solar Flare Hard X-ray Emission from the
High Corona’, The Astrophysical Journal Letters, 669,49, 2007

Sam Krucker, I.G. Hannah, & Robert P. Lin: 'RHESSI and Hinode X-ray Observations of a
Partially Occulted Solar Flare’, The Astrophysical Journal Letter, 671,L193, 2007

Sam Krucker & Robert P. Lin: ’Hard X-ray emissions from partially occulted flares’, The
Astrophysical Journal, 673,1181,2008

R. Saldanha,Sam Krucker, & Robert P. Lin: ’Hard X-ray Spectral Evolution and Production
of Solar Energetic Particle Events during the January 2005 X-class Flares’, The Astrophys-
ical Journal, 673, 1169,2008

J.-L. Bougeretand 42 co-authors: 'The Radio and Plasma Wave Investigation on the STEREO
Mission’, SpaceScienceReviews,10.1007/s11214-0002988, 2008

N. V. Nitta, G.M Mason, M.E. Wiedenbed, C.M.S. Cohen, Sam Krucker,.G. Hannah, M.
Shimojo, K. Shibata: ’Coronal Jet Observed by Hinode as the Source of a 3He-rich Solar
Energetic Particle Event/rm, The Astrophysical Journal Letters, 675, L125, 2008

I.G. Hannah, Sdm Krucker, H.S. Hudson, S. Christe, S., R.P. Lin: ’An intriguing solar
microflare observed with RHESSI, Hinode, and TRACE’, Astronomy and Astrophysics, 481,
L45, 2008

S. Christe, I.G. Hannah, Sam Krucker, J. McTiernan & Robert P. Lin: "RHESSI microflare
Statisites: 1. Flare Finding and Frequency Distribution’, The Astrophysical Journal, 677,
1385,2008

I.G. Hannah, S. Christe, Sam Krucker, G.D. Hurford, H.S. Hudson, & Robert P. Lin:
"RHESSI microflare Statisitcs: II. X-ray Imaging, Spectrocsopy and Energy Distribution’,
The Astrophysical Journal, 677,704, 2008

Sam Krucker, G.D. Hurford, A.L. MacKinnon, A.Y. Shih, & Robert P. Lin: ’Coronal v-Ray
Bremsstrahlung from Solar Flare-accelerated Electrons’, The Astrophysical Journal Letters,
678,L63, 2008

G. Trottet, Sam Krucker, T. Luthi, A. Magun: ’Radio submillimeter and ~y-ray observations
of the 2003 October 28 flare’, The Astrophysical Journal, 678,509, 2008

S. Christe, Sam Krucker, & Robert P. Lin: ’Hard X-Rays Associated with Type III Radio
Bursts’, The Astrophysical Journal Letters, 680,149, 2008

K.-L. Klein, Sam Krucker, G. Lointier & A. Kerdraon: ’Open magnetic flux tubes in the
corona and the transport of solar energetic particles’, Astronomy & Astrophysics, in press,
2008

P. Saint-Hilaire, Sam Krucker, & Robert P. Lin: A statistical survey of hard X-ray spectral
characteristics of solar flares with two footpoints’, Solar Physics, 93, in press,2008
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71. Sam Krucker, P. Saint-Hilaire, S. Christe, S. M. White, A. D. Chavier, S. D. Bale, & Robert
P. Lin: ’Coronal Hard X-Ray Emission Associated with Radio Type III Bursts’, The Astro-
physical Journal, 681, 644, 2008

72. Sam Krucker and 11 co-authors: 'Hard X-ray emission from the solar corona’, Astronomy &
Astrophysics Reviews, in press,2008
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Research Interests:

My main scierti c interests are in problems of plasma astrophysics, esgecially solar and helio-
spheric physics, from an obsenational and experimental point of view. Studying the Sun and the
heliospherehas a big advantage over studying other astrophysical objects in that detailed spatially
resolved obsenations and even in-situ obsenations can be made. Over the past 16 years,| have
beenworking on problemsof how the solar coronais heated, how energeticparticles are accelerated
and how they escape from acceleration sites into interplanetary space. During this time | have
published 72 papers in refereedjournals addressingthese problems, 21 asa rst author. Further-
more, | am involvedin planning and designingspacemissions. | am Pl of a NASA soundingrocket
mission, and | am proposing Co-PI of the Spectrometer/T elesco for Imaging X-rays (STIX) on
Solar Orbiter.

Presenly my sciertic work is divided between(1) planning, designing,and managing of space-
craft instrumentation, (2) data analysisof various remote sensingsolar obsenations and spacecraft
in-situ obsenations of solar energeticparticles; and (3) theoretical work on the explanation of these
obsenations.

At the SpaceScienced.aboratory, University of California at Berkeley, | have a Senior Fellow
position that allows me to have my own researt group. | am closelyinvolved in the supervision
of three PhD studerts, | hired and instructed seweral undergraduate students, and | am currently
working together with four post-docs.

In the following paragraphs,the topics of my sciertic work are described including an outlook
of what | plan to do in the future:
Planning and design of future spacecraftmissions
X-ray and gamma-ray diagnostics: solar are obsenations
Coronal Heating and Micro ares
Radio Diagnostics: Coherent Radio Bursts

Solar origin of energeticparticles obsened near Earth
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Planning and design of future spacecraft missions

Over the past years, | have spernt signi cant time on the planning and design of new spacecraft
instrumentations. My major interest is in designing the next generation solar hard X-ray (>10
keV) imager using focusing optics. Compared to presen-day hard X-ray imagerslike the NASA
Small Explorer mission RHESSI [21] that usesindirect imaging methods, focusing optics provides
imaging with a much larger dynamic range and much higher sensitivity. Originally designedfor
astrophysical obsenations, hard X-ray focusingtelescopeshave recerlly much improved, esgecially
in spatial resolution (10 arcsecFWHM, Ramseyet al. 2000), making these telescopes suitable
for solar are obsenations. Compared to RHESSI, it is expectedto gain at least two orders of
magnitude in sensitivity and imageswill have a dynamic range of a few hundred (compared to
RHESSI's dynamic range of typically 15). This will allow usto image the accelerationsite of are-
acceleratedelectronsin the solar corona. | am Pl of a sounding rocket ight funded by NASAs
Low Cost Accessto Spaceprogram to test hard X-ray focusing optics for solar obsenations.

Furthermore, | have a keeninterest to be a member of a future spacemissionto the inner helio-
spheresud as Solar Orbiter, Sertinels, and Solar Probe. The future in solar in-situ obsenations is
to make multi-spacecraft obsenations taken closeto the Sun. This will allow usto study energetic
particles closerto their accelerationregion and from di erent angles,signi cantly simplifying tak-
ing propagation e ects into account. At Berkeley, we are currently designingelectron and proton
detectors for Solar Orbiter, Sertinels and Solar Probe with a full 3-d coverageof the sky that will
provide high sensitivity down to very low energies(few keV). Solar energeticparticles at theselow
energiesare not well or not at all obsened with presen day obsenations (especially for protons),
but contain most of the total energy of solar energetic particle evens.

| am also working on the design of light-weight X-ray imagers for Solar Orbiter, Serinels,
and Solar Probe using indirect imaging systems. | am the proposing Co-PI of the Spectrome-
ter/T elesco for Imaging X-rays (STIX) onboard the European Solar Orbiter missionwith Prof.
A.O. Benz (ETH Zurich) asPl.
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X-ray and gamma-ray diagnostics: particle acceleration during solar flare

The Sun is the most energetic natural particle acceleratorin the solar system, producing ions
up to tens of GeV and electrons to hundreds of MeV in solar ares and in fast Coronal Mass
Ejections (CMEs). Solar ares are the most powerful explosions,releasingup to 10%2  10* ergs
in  10-1000s (e.g. review by Hudson et al. 2004). The are-accelerated 20-100keV electrons
(and sometimes>1 MeV/n ucleonions) appear to cortain a signi cant fraction, 10-50%, of this
energy indicating that the particle accelerationand energyreleaseprocessesre intimately link ed.
High-energy emissionsin X-rays and ~-rays are the most direct signature of the acceleration of
electrons, protons and heavier ions in solar ares. Bursts of bremsstrahlung hard X-ray (HXR)

emitted by acceleratedelectronscolliding with the ambient solaratmosphere,arethe most common
signature of the impulsive phaseof a solar are, so called footpoint emissions. Rarely, however,
HXR sourcesare obsened alsoin the corona (Masuda et al. 1994). Collisions of acceleratedions
with the atmosphereresult in a complex spectrum of narrow and broad gamma-ray lines.

The RHESSI mission [21], a NASA Small Explorer mission is designedto investigate how the
Sun releasesare energythat is presumably stored in the magnetic elds of the corona, and how
it rapidly accelerateselectronsand ionswith sud high e ciency and to suc high energies.l have
beennamed a Co-Investigator of RHESSI. | worked on pre ight calibration, igh t operation, data
analysis software, data analysis and interpretation. Being an expert user of RHESSI led to many
successfullycollaborations and 10 publications as rst author and 29 papers as co-author thus far.
In the following, | summarizethree of the main topics of these papers.

1) RHESSI provides new insights into the magnetic reconnection process: Magnetic reconnec-
tion is thought to play a key role in are energyrelease(Giovanelli 1946, Priest and Forbes2002),
and could be important for directly accelerating the solar wind (e.g. Fisk 2003). Reconnection
can be studied in-situ near Earth (Sonnerup, Pasdimann, & Phan 1995, Fuselier 1995, Phan et al.
2006),and is alsothought to be important in astrophysical processesge.g. accretion disksand o ws
onto protostars (Shu et al. 1987, Tout and Pringle 1992), disk star interactions (Uzdensky et al.
2001), black hole disk-evert horizon boundary layers (Blandford and Znajek 1997), pulsar winds
(Coroniti 1990), and magnetars[46]. Using RHESSI X-ray obsenations, | made an important con-
tribution to reconnection physics by studying are HXR footpoint motions [37, 49]. | found that
the speedof the footpoint motion in somecasess closely correlated with the total releasedenergy
consistert with a simple reconnection model. While in other cases,the more complex magnetic
con gurations make the footpoints move systematically only during a short time (ten's of seconds)
with occasionally sudden spatial jumps. Howewer, it is still puzzling why footpoints sometimes
are obsened to move along the are ribbons and not perpendicular to it, as predicted by simple
reconnectionmodels.

2) Over the past few years, | have also extensiwely studied coronal emissionsin hard X-rays
[57,58, 59,66,68,7172]. The discovery of a faint HXR sourcein the coronaabove the thermal are
loopswasone of the major ndings of the very successfulyY ohkoh mission, suggestingthat particle
accelerationhappensin the coronaabove the are loops(Masuda et al. 1994). With RHESSI, we
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have for the rst time the tools to cleanly separatethermal from non-thermal emissions,and the
guestion whether these coronal sourcesare thermal or non-thermal in nature can be discussedin
detail. While the strongesthard X-ray emissioncomesfrom footpoints of are loops,faint emission
is expectedto be seenalsofrom the corona. In a statistical study of partially limb-occulted ares,
| showed that indeed almost all ares show faint emission from the corona [58], and that the
emissionis most likely non-thermal [59]. | led a working group on ‘Coronal Hard X-ray Sourcesin
Solar Flares' held at the International SpaceSciencelnstitute (ISSI) in Bern and we just nished
a review paper on this topic [72].

3) RHESSI also provides rst imaging of ~-ray line emissionsgiving us a diagnostic for are-
acceleratedions. RHESSI results show [35, 52] that the ions are losing their energy in compact
footpoints of are loops. Energetic are ions are therefore not acceleratedby a large scaleshack.
Howevwer, the ion precipitation is displaced from where the electrons are precipitating (i.e. ~-
ray footpoints are displaced from the HXR footpoints). The displacemen could be explained by
di erent accelerator sites for electronsand ions or by di erent transport e ects from a possibly
commonaccelerationsite to the location wherethe electronsand ionslosetheir energyby collisions.
Radio submillimeter obsenations shonv emissionsabove 200 GHz from the same region where
the ions precipitate [67]. These obsenations suggestthat possibly syncrotron emission from
positrons produced in charged pion deca/ are seen. Submillimeter obsenations from the soon
to be operational Atacama Large Millimeter/submillimeter Array (ALMA) telescope will provide
further insights into this fascinating new topic.

Future investigations: The RHESSI missionis expectedto last for seweral more years,
and there is a good chance for a signi cant overlap with the recerily launched STEREO and
HINODE missions, as well with the Solar Dynamic Obsenatory (SDO) that will be launched in
2009and the future radio obsenatories LOFAR, FASR, and ALMA. RHESSIwill be the only hard
X-ray imager for the next fewyears,and all the new obsenatories will rely on RHESSI obsenations
for diagnostics of non-thermal emissions.| have already started to do combined studieswith some
of theseinstruments [58,71]and | am planning to be involvedin many collaborations. Furthermore,
the RHESSI data basecontains great potential for statistical studiesthat we are just beginning to
explore [59,64,6570] and that will keepus busy for the next years. To make further advancesin
understanding electron accelerationin solar ares, obsenations with much larger dynamic range
and higher sensitivity are needed. Hard X-ray focusing optics might provide this in the future (see
section on 'planning and designof future spacecraftmissions’).
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Coronal Heating and Microflares

The temperature of the solar coronais obsened to be a few million degreesKelvin, much hotter
than the solar surface. Therefore, the corona is losing a signi cant amount of energy through
radiation, thermal conduction and mass ow. These lossesneed to be replaced otherwise the
coronawould cool down, i.e. the coronahasto be constartly heated. This heating medanism is
still not understood. It is generally agreedthat the energy stored in the magnetic eld provides
the energyto heat the corona. One of many ideas (viz. Narain & Ulmschneider 1996) for how to
compensatefor theselossesis by a large number of small are ewerts that releaseenergy stored
in the magnetic eld (Parker 1983). Sincethese everts are thought to be smaller versionsof the
large ares, the terms 'micro are’ and 'nano are' are used to describe the small size of these
ewverts. Statistics of ares in active regions (AR) shaw that there is not enoughenergyin ares
obsened above the present-day detection limit to be important for coronal heating (e.g. Crosby,
Aschwanden, & Dennis 1993).

| wasthe rst to report [7]that small are-lik e everts are not only presert in AR where regular
ares occur, but are also occurring in the so-calledquiet corona (outside of AR). In a seriesof
papers [7,9,11,141520], | shoved that these small everts above our presern day detection limit
accourt for at least 10% of the total radiativ e lossesin the quiet corona. Even smaller events
below the detection limit could accourt for the remaining energy Although extrapolating toward
smaller everts below our presen day detection limit is very dicult as it heavily depends on
assumptionssuc as are selection [20], these obsenations so far still provide the best evidence
that nano are heating could be the relevant heating medanism at least in the quiet corona.
More recertly, | published micro are obsenations from AR [27] taken by RHESSI in the largely
unexplored energyrangebetween3 and 20 keV. Theseobsenations suggestthat previous studies
(e.g. Crosby, Aschwanden, & Dennis 1993) have misseda large number of small events because
their instrumental energy cut-o was at 25 keV. Together with a PhD student and a postdoc,
| am currently working to determine the rst are frequency distribution derived from X-ray
obsenations down to 3 keV as seenby RHESSI [64,65].

Future investigations: 1 amthe Pl of a soundingrocket missioncalled FOXSI (Focusing
Optics X-ray Solar Imager) to test hard X-ray (HXR) focusingoptics for solar obsenations. FOXSI
provides about 100 times more sensitivity than RHESSI at 10 keV. With this large increasein
sensitivity, hard X-ray emissionsfrom the are-lik e everts obsened in the quiet Sun (i.e. outside
of active regions where regular ares occur) should be seenfor the rst time. The absenceof
hard X-ray emissionswould indicate that the quiet Sun everts are di erent than regular ares.
After a successfurocket igh t, we plan to proposea much larger focusing optics telescope for solar
obsenations as part of a future spacecraftmission.
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Radio Diagnostics: Coherent Radio Bursts

Radio obsenations have a great diagnostic potential (e.g. review by Gary & Hurford 2004). In
particular, solar obsenations in the meter and decimeter range show a large variety of di erent
bursts indicating the existence of energetic electrons in the corona. These emissionsare very
sensitive to the physical parameters of the emitting electrons making it a powerful diagnostic
tool, but also dicult to understand. Some of these bursts are thought to be directly related
to the particle acceleration site that is otherwise very dicult to detect in other wavelengths.
Understanding thesemedanismsgivesus a powerful diagnostictool. | published a seriesof papers
on coheren radio bursts [1,3,4,5,2538475154,62,68,69,71] including obsenations taken by the
Very Large Array (VLA). Theseobsenations outline the existenceof electron accelerationhigh up
in the corona.

Future tnvestigations: At the momert, the main obsenational constraint to making
further progressin this eld arethe limited frequencycoverageof imaging obsenations. Addition-
ally, the bestinstrument, the VLA, is not solar-dedicatedbut only obsenesthe Suna few percer of
the total observingtime making it di cult to catch interesting everts. There is a very good chance,
howewer, that the LOw FrequencyARray (LOFAR) and the FrequencyAgile Solar Radiotelescope
(FASR) will be at least partly operational during the next solar maximum. Theseinstruments will
provide high spatial resolution imagesof the Sun at a wide range of frequencies.l am planning to
use LOFAR and FASR data in combination with obsenations at other wavelengths, particularly
in the X-ray range. LOFAR and FASR will give us the possibility to reconstruct the geometry
around the solar accelerationsite and track electron beamsand shacks in the solar corona, while
hard X-ray obsenations will image the acceleration region and track energetic electronsin the
coronaand provide quartitativ e measuremets of electron spectra and total energyin non-thermal
electrons. LOFAR and FASR in combination with a future hard X-ray focusing optics instrument
will provide an extremely powerful diagnostic tool for understanding electron acceleration.
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Solar origin of energetic particles observed near Earth

Solar energetic particles obsened in interplanetary spacenear Earth are important diagnostics
of particle acceleration at the Sun (e.g. Lin 1985, Reames1999). They give the possibility of
directly studying energetic particles acceleratedin the solar corona and allow us to understand
and distinguish di erent accelerationmedanismsat the Sun and similar accelerationmedanisms
in other spaceplasmas. How particles are acceleratedat the Sun and how they escap into in-
terplanetary spaceis not understood, but we have started to understand which solar everts are
releasingenergeticparticles into interplanetary space.

| wasthe rst to usemodern space-torn in-situ particle obsenations from WIND to accurately
(down to 1 minute) measurewhen energetic particles that are detected near Earth left the Sun
[12,13,16,77,1819,28,30,31,45,48 53,55,69,71] This allowedusto identify which solareverts ( ares,
Coronal MassEjections, etc.) are temporally related to escapingparticles. | shaved that there are
at leasttwo di erent classeof everts that accelerateand releaseenergeticelectrons,onerelated to
ares (prompt events), and a secondonereleasedup to 30 minutes later that is most likely related
to coronal shocks. The details, howewer, are still controversial (e.g. Cane 2003).

Preserly, | am studying the solar source regions of impulsive electron everts by combining
in-situ particle obsenations with RHESSI hard X-ray obsenations, alsoincluding imagesat EUV
and radio wavelengths. Statistical results [55] of prompt everts show a clear correlation between
the in-situ obsened electron spectra and the solar HXR spectra, indicating a common accelerator
for the escapingand HXR producing electrons. However, only about 0.2% of the are accelerated
electrons esca into interplanetary spaceand, surprisingly, the found spectral correlation is not
consistert with the simplest thick target models. This is currently not understood.

Future investigations: with the recertly launched two spacecraft STEREO mission
and existing missionssud as WIND and ACE, we will have the possibility to study the timing of
impulsiveelectroneverts from di erent locationsin spacetogether with 3D imaging obsenations. If
shocks indeed are responsible for particle acceleration,di erent arrival times of energetic particles
are expected, depending on the magnetic connection of the spacecraftto the shack. | am a
member of the STEREO particle and radio wave team. | was involvedin the design, calibration,
and software dewvelopmert of some of these instruments, and | am currently heavily involved in
data analysisand interpretations. The future of in-situ particle obsenations is in multi-spacecraft
obsenations aimed at the inner heliosphere,suct as Solar Orbiter, Sertinels, and Solar Probe.
Thesemissionswill revolutionize our understanding of solar energetic particle events and particle
accelerationin general. Therefore | have a keeninterestto be a member of a mission exploring the
inner heliosphere.
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In Summary:

As discussedabove, my main sciertic work in the next yearswill focuson the following points:

1. PI of soundingrocket ight (launch 2010)to test hard X-ray focusing optics for high sensi-
tivit y obsenations of solar hard X-ray emissions

2. if selected,Co-PI of the Spectrometer/T elesco for Imaging X-rays (STIX) onboard Solar
Orbiter

3. feasibility studiesfor particle detectorsand hard X-ray imagersfor Solar Probe and Sertinels

4. continuing RHESSI X-ray and gamma-ray data analysis and interpretation focusing on sta-
tistical studies and including imaging data sets at other wavelengths and in-situ particle
obsenations, in particular from the recenly launched STEREO and HINODE missions

5. timing studies of solar energetic particles with STEREO, WIND, SOHO, and ACE in com-
bination with 3D imaging obsenations from STEREO.

6. adding LOFAR, FASR, and ALMA radio obsenations to 4) and 5) when available

7. participating in the planning, design,and construction of future spacemissions

It is an exciting time for solar and heliospheric physics, with current spacelorne experiments
progresshas been made. With upcoming missionsand the prospect of a multi-spacecraft inner
heliospheremission, the future looks bright. | believe that having strong collaborativ e relation-
shipsis essetial to making sciertic progress.| am working with groupsat Goddard SpaceFlight
Center, ETH Zwrich, Glasgon University, Trinity College Dublin, New Jersey Institute of Ted-
nology, AstrophysikalischeslInstitut Potsdam, Moscown State University, Nagoya University, Tokyo
University, Nobeyama Solar Radio Obsenatory, Japan, and Obsenatoire de Paris, Meudon. | will
continue and expand theserelationships in the future.

Over the last four years, | have hired four undergraduate studerts which work directly with
me. | have beencloselyinvolvedin the supervision of four PhD students, and | have beenworking
together with 7 post-docs. | am committed to the eld and determined to make progress. My
plans for the future include having my own sciertic group. | will endeaor to be Pl of a future
spacemissionto understand particle accelerationin astrophysical plasmas.
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