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ASTROPHYSICS & GRAVITY 



The astrophysics faculty explore questions such as: 
● How did the universe form? 
● How did structures form in the early universe? 
● How do clouds of gas form stars and planets? 
● What happens when stars collide & merge? 
● How do stars explode as supernovae? 
● How do black holes accrete gas and create relativistic jets? 
● What are neutron stars made out of? 
● What happens inside of black holes?

Fernández and his group study neutron star mergers, supernovae, 
and other transient systems. These events are the formation sites of 
black holes, neutron stars, and of most elements heavier than 
helium. The complexity of these phenomena requires the use of 
numerical simulations on large supercomputers to make reliable 
predictions that can be tested with observations.

Rodrigo Fernández, Professor  
Supernovae and Neutron Star Mergers

Classical and quantum gravity; Black hole physics; Large extra 
dimensions; Hidden symmetries and higher dimensional black 
holes; Problem of black hole entropy; Models of a black hole's 
interior; Quantum field theory in a curved spacetime; Quantum 
effects in accelerated frames; Cosmological defects; Interaction of 
strings and branes with a black hole; Wormholes and time machine 
problem.

Valeri Frolov, Professor
Black Holes

rafernan@ualberta.ca | www.ualberta.ca/~rafernan

vfrolov@ualberta.ca | www.ualberta.ca/~vfrolov

From the births of stars … 
through their deaths and beyond … 

to the edge of the Universe

ASTRO & GRAVITY

Heinke’s research group uses a range of X-ray and other telescopes 
to study high-energy astrophysical systems, especially compact 
objects (the dense remnants of dead stars; white dwarfs, neutron 
stars, and black holes). Key questions include how compact objects 
accrete matter from companion stars, the composition and cooling 
of neutron stars, and how interactions in dense star clusters affect 
binary stars.

Craig Heinke, Professor
High-Energy Astrophysics

heinke@ualberta.ca | www.ualberta.ca/~heinke



Dr. Morsink and her group study neutron stars, the highest density 
objects in the universe, using the effects of special and general 
relativity. Using analytical and numerical calculations, they identify 
how relativistic effects change the appearance of light (especially 
X-rays) from fast-spinning, dense neutron stars, and how we can 
use this to understand the behavior of matter at extreme densities in 
the cores of neutron stars.

Sharon Morsink, Professor
Neutron Stars and Relativity

Ivanova and her group are working on understanding the physics of 
stable and unstable stellar interactions -- from violent mergers to 
stable mass transfer -- and their effects on the lives of close binary 
stars, using supercomputers to model these interactions, and the 
behavior of stellar populations. Ivanova is looking for new students 
with interests in theoretical and computational astrophysics, 
high-performance computing and data analysis.

Natalia Ivanova, Professor
Evolution of Binary Stars

nata.ivanova@ualberta.ca | 
www.ualberta.ca/~ivanova1

morsink@ualberta.ca | www.ualberta.ca/~morsink

ASTRO & GRAVITY

Page’s research group works at the confluence of general relativity 
and quantum mechanics, applying both to understand black holes 
and the origin and nature of the universe. Current questions include 
the evaporation of black holes, whether information is destroyed 
when it falls into a black hole, and whether the universe is one 
realization of a “multiverse”.

Don Page, Professor
Black Holes and Cosmology

dpage@ualberta.ca 

Pogosyan’s research interests span the range from the theory of the 
early Universe, to theory and analysis of initial perturbations to the 
Cosmic Microwave Background, to the modeling of the observed 
large-scale structure at low and high redshifts, to the statistical 
study of the galactic turbulence.

Dmitri Pogosyan, Professor
Evolution and Structure of the Universe

pogosyan@ualberta.ca | www.ualberta.ca/~pogosyan



ualberta.ca/physics

ASTROPHYSICS & GRAVITY

Office of Graduate Studies - Physics
physgradprogram@ualberta.ca
(780) 492-5286

Rosolowsky's research group uses multi-wavelength observations 
of star formation and the interstellar medium to study the 
connections between stellar generations. In this work, they use 
surveys of nearby galaxies from facilities like the Atacama Large 
Millimetre/submillimetre Array and the Hubble Space Telescope. Dr. 
Rosolowsky is recruiting new students with interests in 
observational astronomy, machine learning and big data analysis to 
tackle some of the pressing questions in galaxy evolution.

Erik Rosolowsky, Professor
Star Formation

rosolowsky@ualberta.ca | www.ualberta.ca/~erosolow

Gregory Sivakoff, Professor
Relativistic Jets and Accretion

Sivakoff’s research group studies the stellar undead (white dwarfs, 
neutron stars, and stellar-mass black holes that return to life by 
eating a nearby star) and supermassive black holes. Using
observations across the electromagnetic spectrum, they are
learning how these objects produce highly-focused very-fast
outflows (relativistic jets) and how jets affect their environment

sivakoff@ualberta.ca | www.ualberta.ca/~sivakoff

Saeed Rastgoo, Assistant Professor
Quantum Gravity, Black Holes, Gravitational Waves

Rastgoo’s research group studies classical and quantum gravity, 
including the study of the interior and exterior of quantum black 
holes, the fundamental and fine structure of spacetime, and the very 
early and quantum cosmology. They also use phenomenological 
approaches to connect quantum gravity theory with modern 
experiments, including the use of multimessengers, particularly 
gravitational waves, to probe new and fundamental physics of black 
holes, spacetime, and cosmology.

srastgoo@ualberta.ca | www.srastgoo.com/
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%LRORJLFDO� SK\VLFV� XVHV� WKH� FRQFHSWV� DQG� WRROV� RI� SK\VLFV� WR� HOXFLGDWH� WKH�
SULQFLSOHV� DQG� PHFKDQLVPV� XQGHUO\LQJ� OLYLQJ� V\VWHPV�� IURP� WKH� EHKDYLRXU� RI�
ELRORJLFDO�PROHFXOHV�OLNH�SURWHLQV�WR�WKH�IXQFWLRQLQJ�RI�FHOOV�DQG�RUJDQLVPV�

5HVHDUFK� LQ� %LRSK\VLFV� DW� WKH� 8QLYHUVLW\� RI� $OEHUWD� H[SORUHV� D� UDQJH� RI�
WKHRUHWLFDO�� FRPSXWDWLRQDO�� DQG� H[SHULPHQWDO� SUREOHPV�� LQFOXGLQJ� KRZ� SURWHLQ�
DQG� 51$� VWUXFWXUHV� IROG�� PHFKDQLVPV� RI� QHXURGHJHQHUDWLRQ� DQG� FDQFHU��
IXQFWLRQ�DQG�HYROXWLRQ�RI�JHQH�QHWZRUNV��WKH�UROH�RI�TXDQWXP�HĳHFWV�LQ�ELRORJ\��
DQG�LPSURYHG�PHWKRGV�GLVFRYHULQJ�QHZ�GUXJV�DQG�PLWLJDWLQJ�GUXJ�UHVLVWDQFH���
7KHVH� VWXGLHV� WDNH� DGYDQWDJH� RI� WRROV� OLNH� DGYDQFHG� VLQJOH�PROHFXOH� IRUFH�
VSHFWURVFRS\�� ĲRZ� F\WRPHWU\�� OLYH�FHOO� LPDJLQJ� DQG�PLFURĲXLGLF� GHYLFHV�� 7+]�
ODVHU�VRXUFHV��DQG�KLJK�SHUIRUPDQFH�FRPSXWLQJ�IDFLOLWLHV���*URXS�PHPEHUV�DOVR�
FROODERUDWH�H[WHQVLYHO\�ZLWK�FROOHDJXHV�LQ�WKH�OLIH�VFLHQFHV�DQG�PHGLFLQH�

'U��&KDUOHERLVŖ�ODE�LV�SDUW�RI�D�FXWWLQJ�HGJH�UHVHDUFK�SURJUDP�WKDW�
FRPELQHV�FRPSXWDWLRQ�DQG�H[SHULPHQW�DW�WKH�LQWHUIDFH�RI�SK\VLFV�
DQG� ELRORJ\�� +H� LV� GHYHORSLQJ� VSDWLDO� FHOO� SRSXODWLRQ� VLPXODWLRQ�
DOJRULWKPV�� LQYHVWLJDWLQJ� WKH� HĳHFWV� RI� WKH� SK\VLFR�FKHPLFDO�
HQYLURQPHQW� RQ� V\QWKHWLF� JHQH� QHWZRUNV�� DQG� PLWLJDWLQJ� GUXJ�
UHVLVWDQFH�LQ�SDWKRJHQV���

'DQLHO�&KDUOHERLV��$VVLVWDQW�3URIHVVRU
&RPSXWDWLRQDO�	�([SHULPHQWDO�%LRSK\VLFV

'U�� 7XV]\QVNL� VWXGLHV� GLYHUVH� WKHRUHWLFDO� DQG� FRPSXWDWLRQDO�
SUREOHPV� LQ� ELRSK\VLFV�� IURP� GUXJ� GHVLJQ� DQG� GLVFRYHU\� LQ�
FDQFHU�DQG�QHXURGHJHQHUDWLRQ�WR�HOHFWULFDO�VLJQDOLQJ�LQ�FHOOV�DQG�
TXDQWXP�ELRORJ\���

-DFN�7XV]\QVNL��3URIHVVRU
7KHRUHWLFDO�	�&RPSXWDWLRQDO�%LRSK\VLFV

GFKDUOHE#XDOEHUWD�FD�_�
ZZZ�XDOEHUWD�FD�aGFKDUOHE

MDFNW#XDOEHUWD�FD�_
ZZZ�SKDUPDPDWUL[�FRP

SURELQJ�WKH�SK\VLFDO�EDVLV�RI�OLIH

%LRSK\VLFV



Ɣ )UDQN�+HJPDQQ��3URIHVVRU
([SHULPHQWDO�%LRSK\VLFV
8OWUDIDVW�WHUDKHUW]�VFLHQFH�DQG�QDQRSK\VLFV
KHJPDQQ#XDOEHUWD�FD
ZZZ�KHJPDQQWK]�ZRUGSUHVV�FRP

%LRSK\VLFV

$GGLWLRQDO�UHVHDUFKHUV�LQ�%LRSK\VLFV�LQFOXGH�

'U��:RRGVLGH�H[SORUHV�KRZ�WKH�IROGLQJ�RI�SURWHLQV��DQG�'1$�51$�
UHODWHV�WR�ELRORJLFDO� IXQFWLRQ�DQG�GLVHDVH�� �8VLQJ�VWDWH�RI�WKH�DUW�
ODVHU�WZHH]HUV�DQG�ĲXRUHVFHQFH�DVVD\V�FRPELQHG�ZLWK�HQVHPEOH�
ELRSK\VLFDO� DQG� ELRFKHPLFDO� DSSURDFKHV�� KLV� ODE� H[SORUHV� WKH�
IXQGDPHQWDO� SK\VLFV� RI� IROGLQJ� DQG� WHVW� WKHRU\�� KRZ� HYROXWLRQ�
VKDSHV� IROGLQJ�YLD�GH�QRYR�SURWHLQ�GHVLJQ�DQG�DQFHVWUDO�SURWHLQ�
UHFRQVWUXFWLRQ�� SUREHV� YLUDO� 51$� VWUXFWXUHV� WKDW� UHFRGH� JHQH�
H[SUHVVLRQ�� DQG� VWXGLHV� PLVIROGLQJ� PHFKDQLVPV� LQ�
QHXURGHJHQHUDWLRQ�DQG�WHVWV�SRVVLEOH�GUXJV���

0LFKDHO�:RRGVLGH��3URIHVVRU
([SHULPHQWDO�%LRSK\VLFV

PLFKDHO�ZRRGVLGH#XDOEHUWD�FD�_
VSDFHV�IDFVFL�XDOEHUWD�FD�ZRRGVLGH



XDOEHUWD�FD�SK\VLFV
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2ĴFH�RI�*UDGXDWH�6WXGLHV���3K\VLFV
SK\VJUDGSURJUDP#XDOEHUWD�FD
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5HVHDUFKHUV� LQ� &RQGHQVHG� 0DWWHU� 3K\VLFV� DQG� $WRPLF�� 0ROHFXODU� 	� 2SWLFDO�
3K\VLFV� DW� WKH� 8QLYHUVLW\� RI� $OEHUWD� XVH� DGYDQFHG� FRPSXWDWLRQDO� UHVRXUFHV��
VWDWH�RI�WKH�DUW� H[SHULPHQWDO� IDFLOLWLHV� LQ� &&,6� DQG� WKH� QDQR)$%� H[SORUH� D� ZLGH�
UDQJH� RI� WRSLFV�� LQFOXGLQJ�� PDJQHWLVP�� SKRWRQLFV�� RSWRPHFKDQLFV�� TXDQWXP�
WHFKQRORJLHV�� VFDQQLQJ� SUREH� PLFURVFRS\�� VWURQJO\� FRUUHODWHG� HOHFWURQV��
VXSHUFRQGXFWLYLW\�� VXSHUĲXLGLW\�� WRSRORJLFDO� SKDVHV� RI�PDWWHU�� XOWUDFROG� TXDQWXP�
JDVHV��XOWUDIDVW�ODVHU�VSHFWURVFRS\�

&RPELQLQJ� VWDWH�RI�WKH�DUW� QDQRIDEULFDWLRQ�� FDYLW\� RSWRPHFKDQLFV��
DQG� XOWUD�ORZ� WHPSHUDWXUHV�� WKH� 'DYLV� ODE� H[SORUHV� WKH� LQWHUIDFH�
EHWZHHQ�WKH�FODVVLFDO�ZRUOG�DQG�WKH�TXDQWXP�RQH��ZKLOH�GHYHORSLQJ�
QH[W�JHQHUDWLRQ�TXDQWXP��WHFKQRORJ\���+LV�ODE�KDV�DOVR�GHYHORSHG�
&DQDGDŖV�RQO\�FU\RJHQLF�V\VWHP�FDSDEOH�RI�FRROLQJ��EHORZ���P.��LQ�
RUGHU�WR�VWXG\�H[RWLF�VWDWHV�RI�VXSHUĲXLG��+H�

-RKQ�3��'DYLV��$VVRFLDWH�3URIHVVRU��
&DYLW\�2SWRPHFKDQLFV�	�&RQıQHG�6XSHUĲXLGV

)DFLOLWDWHG�E\�WKH�8RI$ŖV�RXWVWDQGLQJ�QDQRIDEULFDWLRQ�LQIUDVWUXFWXUH��
'U��)UHHPDQŖV�ODE�VWXGLHV�WKH�SK\VLFV�RI�QDQRV\VWHPV�LQFRUSRUDWLQJ�
PDJQHWLF�� PHFKDQLFDO�� DQG� RSWLFDO� GHJUHHV� RI� IUHHGRP� �� VXFK� DV�
JDLQLQJ� QHZ� LQVLJKWV� LQWR� PDJQHWLVP� WKURXJK� WKH� XVH� RI�
QDQRPHFKDQLFDO�VLJQDWXUHV�RI�VSLQ�UHVRQDQFH�

0DUN�)UHHPDQ��3URIHVVRU
([SHULPHQWDO�+\EULG�1DQRV\VWHPV

MGDYLV#XDOEHUWD�FD�_�ZZZ�XDOEHUWD�FD�aMGDYLV

PDUN�IUHHPDQ#XDOEHUWD�FD�_�ZZZ�XDOEHUWD�FD�aIUHHPDQP

XQFRYHULQJ�WKH�QDWXUH�RI�PDWWHU�IURP�WKH�
PDFURVFDOH�WR�WKH�QDQRVFDOH

7KH� %RHWWFKHU� JURXS� VWXGLHV� TXDQWXP� PDQ\�ERG\� V\VWHPV� RQ� D�
ZLGH�UDQJH�RI�SODWIRUPV��LQFOXGLQJ�WRSRORJLFDO�VHPLPHWDOV��XOWUDFROG�
TXDQWXP� JDVHV�� FLUFXLW� TXDQWXP� HOHFWURG\QDPLFV�� DQG� QRYHO�
VXSHUFRQGXFWRUV�� 7KLV� LV� DFKLHYHG� E\� DSSO\LQJ� WHFKQLTXHV� IURP�
TXDQWXP�ıHOG�WKHRU\�DQG�WKH�UHQRUPDOL]DWLRQ�JURXS�

,JRU�%RHWWFKHU��$VVLVWDQW�3URIHVVRU�
&RQGHQVHG�0DWWHU�7KHRU\

LERHWWFK#XDOEHUWD�FD�_�VLWHV�XDOEHUWD�FD�aLERHWWFK�

&03�_�$023



'U�� +HJPDQQ� H[SORUHV� XOWUDIDVW� SKHQRPHQD� LQ� PDWHULDOV� RQ� WKH�
QDQRVFDOH�XVLQJ�WLPH�UHVROYHG�WHUDKHUW]�VSHFWURVFRS\�DQG�WHUDKHUW]�
VFDQQLQJ� WXQQHOLQJ� PLFURVFRS\� �7+]�670��� +LV� VWDWH�RI�WKH�DUW�
8OWUDIDVW� 1DQRWRROV� /DE� DQG� 8OWUDIDVW� 6SHFWURVFRS\� /DE� XVH�
DPSOLıHG� IHPWRVHFRQG� ODVHU� VRXUFHV� DQG� SLFRVHFRQG�GXUDWLRQ�
WHUDKHUW]�SXOVHV� WR�SUREH�XOWUDIDVW� H[FLWDWLRQ�G\QDPLFV�DQG�FDUULHU�
WUDQVSRUW�LQ�QDQRPDWHULDOV�

)UDQN�+HJPDQQ��3URIHVVRU
([SHULPHQWDO�&RQGHQVHG�0DWWHU�3K\VLFV

'U�� 0DFLHMNR� UHVHDUFKHV� HPHUJHQW� SKHQRPHQD� LQ� TXDQWXP�
PDQ\�ERG\�V\VWHPV��$UHDV�RI�FXUUHQW�LQWHUHVW�LQFOXGH�WKH�WRSRORJ\�
DQG�JHRPHWU\�RI�TXDQWXP�PDWWHU��VWURQJO\�FRUUHODWHG�HOHFWURQV��DQG�
TXDQWXP�FULWLFDOLW\�

-RVHSK�0DFLHMNR��$VVRFLDWH�3URIHVVRU
&RQGHQVHG�0DWWHU�7KHRU\

KHJPDQQ#XDOEHUWD�FD�_�ZZZ�KHJPDQQWK]�ZRUGSUHVV�FRP

'U�� /H%ODQF� XVHV� DWRPLF� V\VWHPV�� LQFOXGLQJ� ZDUP� YDSRXUV��
ODVHU�FRROHG� HQVHPEOHV�� DQG� XOWUDFROG� TXDQWXP� JDVHV�
�%RVH�(LQVWHLQ� FRQGHQVDWHV�� WR� VWXG\� DQG� H[SORLW� WKH� TXDQWXP�
QDWXUH�RI�PDWWHU�� �$SSOLFDWLRQV� LQFOXGH�TXDQWXP�PHPRU\��TXDQWXP�
FRPSXWLQJ��DQG�VHQVLQJ��7KLV�UHVHDUFK�KDV�DSSOLFDWLRQV�LQ�TXDQWXP�
LQIRUPDWLRQ� DQG� LQYROYHV� GHYHORSLQJ� FXWWLQJ�HGJH� TXDQWXP�
WHFKQRORJLHV�LQ�KHU�VWDWH�RI�WKH�DUW�ODE�

/LQGVD\�/H%ODQF��$VVRFLDWH�3URIHVVRU
([SHULPHQWDO�$WRPLF�DQG�2SWLFDO�3K\VLFV

PDFLHMNR#XDOEHUWD�FD�_�ZZZ�XDOEHUWD�FD�aPDFLHMNR

&03�_�$023

7KH� 0DUVLJOLR� ODE� VWXGLHV� YDULRXV� DVSHFWV� RI� PDQ\�ERG\� HOHFWURQ�
V\VWHPV�� LQFOXGLQJ� VXSHUFRQGXFWLYLW\�� SRODURQLF� HĳHFWV�� VSLQ�RUELW�
FRXSOLQJ�LQ�WUDSSHG�LRQV��DQG�LPSDFWV�RI�H[WHUQDO�ıHOGV�DQG�VWLPXOL�

)UDQN�0DUVLJOLR��3URIHVVRU
&RQGHQVHG�0DWWHU�7KHRU\

OLQGVD\�OHEODQF#XDOEHUWD�FD�_�
VLWHV�JRRJOH�FRP�XDOEHUWD�FD�XOWUDFROG



XDOEHUWD�FD�SK\VLFV
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2ĴFH�RI�*UDGXDWH�6WXGLHV���3K\VLFV
SK\VJUDGSURJUDP#XDOEHUWD�FD
��������������

'U��:RONRZŖV�UHVHDUFK�RĳHUV�WKH�RSSRUWXQLW\�WR�EXLOG��H[SORUH��DQG�
FRPPHUFLDOO\� GHSOR\� WKHLU� ODEŖV� QHZO\� GLVFRYHUHG� DWRP� VFDOH�
FLUFXLWU\�� 6PDOOHU�� GUDPDWLFDOO\� OHVV� HQHUJ\� FRQVXPLQJ� DQG�
HQRUPRXVO\� IDVWHU� WKDQ� &026�� WKHVH� DWRPLF� HOHFWULF� PDFKLQHV�
RSHQ� WKH�GRRU� WR�D�QHDU� WHUP�FODVVLFDO�FRPSXWLQJ� UHYROXWLRQ�ZKLOH�
SRLQWLQJ�WR�D�VFDODEOH�DSSURDFK�WR�TXDQWXP�FLUFXLWU\�

5REHUW�:RONRZ��3URIHVVRU
$WRP�'HıQHG�4XDQWXP�&LUFXLWU\

UZRONRZ#XDOEHUWD�FD�_�ZZZ�UREHUWZRONRZ�FRP

$GGLWLRQDO�UHVHDUFKHUV�LQ�&03�$023�LQFOXGH�

3DXO�%DUFOD\��$GMXQFW�3URIHVVRU
SEDUFOD\#XFDOJDU\�FD
KWWS���EDUFOD\ODE�XFDOJDU\�FD�SEDUFOD\

0DVVLPR�%RQLQVHJQL��3URIHVVRU
PDVVLPRE#XDOEHUWD�FD
KWWSV���VLWHV�JRRJOH�FRP�VLWH�PERQLQVHJQL

.LP�&KRZ��3URIHVVRU
NKFKRZ#XDOEHUWD�FD
ZZZ�XDOEHUWD�FD�aNKFKRZ

:D\QH�+LHEHUW��$GMXQFW�3URIHVVRU
:D\QH�+LHEHUW#QUF�FQUF�JF�FD
ZZZ�XDOEHUWD�FD�aZKLHEHUW

0DUHN�0DODF��$GMXQFW�3URIHVVRU
PPDODF#XDOEHUWD�FD
KWWS���WHP�HHOV�FD

'U�� 0HOGUXPŖV� ZRUN� IRFXVHV� RQ� RSWLFDO� PDWHULDOV� GHYHORSPHQW��
DSSOLFDWLRQV�GULYHQ� RSWLFDO� VHQVLQJ� WHFKQRORJLHV�� DQG� RSWLFDO�
GHYLFHV��+LV�ODE�RĳHUV�WKH�RSSRUWXQLW\�IRU�PXOWLGLVFLSOLQDU\�WUDLQLQJ��
ZLWK� VWXGHQWV� LQWHUDFWLQJ� FORVHO\� ZLWK� FKHPLVWV� DQG� HQJLQHHUV�� DV�
ZHOO�DV�SK\VLFLVWV�DQG�SRWHQWLDOO\�LQGXVWU\�DV�ZHOO�

$O�0HOGUXP��3URIHVVRU
2SWLFV�DQG�3KRWRQLFV

DPHOGUXP#XDOEHUWD�FD�_�ZZZ�XDOEHUWD�FD�aDPHOGUXP
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7KH�ZLGH�YDULHW\�RI�UHVHDUFK�LQ�*HRSK\VLFV�DW�WKH�8QLYHUVLW\�RI�$OEHUWD�
LQFOXGHV� ERWK� IXQGDPHQWDO� DQG� PRUH� DSSOLHG� JHRSK\VLFDO� VFLHQFH�
SURMHFWV�� &XUUHQW� UHVHDUFK� IRFXVHV� RQ� WKH� ıHOG� RI� JHRSK\VLFDO� GDWD�
SURFHVVLQJ�� WKHRUHWLFDO� DQG� DSSOLHG� VHLVPRORJ\�� HDUWKTXDNH� VWXGLHV��
JHRG\QDPLFV�� JHRPDJQHWLVP� DQG� SDOHRPDJQHWLVP�� PDJQHWRWHOOXULFV��
HQYLURQPHQWDO� JHRSK\VLFV�� JHRWKHUPDO� HQHUJ\�� FOLPDWRORJ\� DQG�
SODQHWDU\�JHRSK\VLFV�

*HRSK\VLFV�ş�JHRG\QDPLFV��FRQYHUJHQW�SODWH�PDUJLQV��VXEGXFWLRQ�
]RQHV� DQG� PRXQWDLQ� EHOWV�� FRQWLQHQWDO� VWUXFWXUH�� VWUHQJWK�� DQG�
G\QDPLFV�� QXPHULFDO� PRGHOOLQJ� RI� OLWKRVSKHUH� DQG� XSSHU� PDQWOH�
G\QDPLFV��FRQWUROV�RQ�HDUWKTXDNH�GLVWULEXWLRQ�

&ODLUH�&XUULH��3URIHVVRU
*HRSK\VLFV�	�*HRG\QDPLFV

'U�� 'XPEHUU\ŖV� UHVHDUFK� IRFXVHV� RQ� WKH� SK\VLFV� RI� SODQHWDU\�
LQWHULRUV��LQFOXGLQJ�WKH�VWXG\�RI�ĲRZV�LQ�WKH�ĲXLG�FRUH�RI�SODQHWV��WKH�
JHQHUDWLRQ�DQG�HYROXWLRQ�RI�SODQHWDU\�PDJQHWLF�ıHOGV��WKH�URWDWLRQDO�
G\QDPLFV�RI�SODQHWDU\�ERGLHV�DQG�ĲXLG�VROLG�LQWHUDFWLRQV�DW�LQWHULRU�
ERXQGDULHV�� +LV� ZRUN� LV� PDLQO\� WKHRUHWLFDO�� LQFOXGLQJ� QXPHULFDO�
VLPXODWLRQV��ZLWK� DQ� HPSKDVLV� RQ� UHODWLQJ� VSHFLıF�REVHUYDWLRQV� WR�
VLPSOH�PRGHOV�RI�WKH�G\QDPLFV�

0DWKLHX�'XPEHUU\��3URIHVVRU
3K\VLFV�RI�3ODQHWDU\�,QWHULRUV

'U�� *XŖV� PDLQ� UHVHDUFK� DUHD� LV� HDUWKTXDNH� VHLVPRORJ\�� LQFOXGLQJ�
UHJLRQDO� FUXVW� DQG� PDQWOH� VHLVPLF� VWUXFWXUH� DQDO\VLV�� LQGXFHG�
HDUWKTXDNHV��DQG�JOREDO�VHLVPLF�LPDJLQJ�

-Hĳ�*X��3URIHVVRU
&UXVW�DQG�0DQWOH�6HLVPLF�6WUXFWXUH�

FODLUH�FXUULH#XDOEHUWD�FD�_�
KWWSV���VLWHV�XDOEHUWD�FD�aFFXUULH��

GXPEHUU\#XDOEHUWD�FD�_�
KWWSV���VLWHV�XDOEHUWD�FD�aGXPEHUU\�LQGH[�KWPO

\JX#XDOEHUWD�FD�_�KWWSV���VLWHV�XDOEHUWD�FD�a\JX

DGYDQFLQJ�RXU�XQGHUVWDQGLQJ�RI�(DUWKȃV�VWUXFWXUH�
DQG�HYROXWLRQ



'U��.UDYFKLQVN\�XVHV�SDOHRPDJQHWLVP�DQG�SHWURPDJQHWLVP�DV�WRROV�
���� WR� UHFRQVWUXFW� SDVW� FOLPDWH� DQG� HQYLURQPHQWDO� FKDQJHV�� ���� WR�
SHUIRUP� SODWH� WHFWRQLF� UHFRQVWUXFWLRQV�� ���� WR� VWXG\� HYROXWLRQ� RI�
(DUWK�DQG�PDVV�H[WLQFWLRQV��DQG�����WR�GHWHUPLQH�DJHV�RI�JHRORJLFDO�
DQG�DUFKHRORJLFDO�REMHFWV�

9DGLP�.UDYFKLQVN\��3URIHVVRU
3DOHRPDJQHWLVP�	�3HWURPDJQHWLVP

'U�� +HLPSHOŖV� PDLQ� UHVHDUFK� LQWHUHVW� LV� G\QDPLFV� RI� SODQHWDU\�
LQWHULRUV��7KLV� LQYROYHV� WKHRUHWLFDO� DQG�QXPHULFDO�PRGHOOLQJ�RI� ĲXLG�
G\QDPLFV� DQG� PDJQHWRK\GURG\QDPLFV� DSSOLHG� WR� SODQHWDU\�
DWPRVSKHUHV� DQG� LQWHULRUV�� :RUN� RQ� SODQHWDU\� G\QDPRV� KDYH�
LPSOLFDWLRQV� IRU� WKH� G\QDPLFDO� HYROXWLRQ� RI� VHYHUDO� RI� WKH� VRODU�
V\VWHP�SODQHWV��SDUWLFXODUO\�0HUFXU\��(DUWK��-XSLWHU��6DWXUQ��8UDQXV�
DQG�1HSWXQH��DV�ZHOO�DV�H[RSODQHWV�

0RULW]�+HLPSHO��$VVRFLDWH�3URIHVVRU
'\QDPLFV�RI�3ODQHWDU\�,QWHULRUV

PKHLPSHO#XDOEHUWD�FD�

YDGLP#XDOEHUWD�FD�_�KWWSV���VLWHV�XDOEHUWD�FD�aYDGLP

*HRSK\VLFV

'U��3RWWHU� VWXGLHV�SHWURSK\VLFDO� DQG�JHRSK\VLFDO� WHFKQLTXHV��ERWK�
IXQGDPHQWDO� UHVHDUFK� DQG� DSSOLHG� VWXGLHV� IRU� WKH� RLO� DQG� JDV�
LQGXVWU\�

'DYLG�3RWWHU��3URIHVVRU
3HWURSK\VLFDO�	�*HRSK\VLFDO�7HFKQLTXHV

GNSRWWHU#XDOEHUWD�FD�

'U�� 6DFFKLŖV� ODE� FRQGXFWV� UHVHDUFK� LQ� WKH� DUHD� RI� VWDWLVWLFDO� DQG�
WUDQVIRUP�PHWKRGV�IRU�VHLVPLF�GDWD�SURFHVVLQJ��ZDYHIRUP�LPDJLQJ�
DQG�LQYHUVLRQ�ZLWK�DQ�DSSOLFDWLRQ�WR�DSSOLHG�DQG�JOREDO�VHLVPRORJ\��
+LV� JURXS� KDV� EHFRPH� UHFRJQL]HG� IRU� WKH� GHYHORSPHQW� RI�
DOJRULWKPV� IRU� PXOWL�GLPHQVLRQDO� VHLVPLF� GDWD� UHFRQVWUXFWLRQ��
GH�QRLVLQJ� DQG� WKH� DSSOLFDWLRQ� RI� VSDUVLW\� SURPRWLQJ� DQG�
GLPHQVLRQDOLW\�UHGXFWLRQ�PHWKRGV�WR�VHLVPLF�GDWD�SURFHVVLQJ��

0DXULFLR�6DFFKL��3URIHVVRU
6HLVPLF�'DWD�3URFHVVLQJ�DQG�,PDJLQJ

PVDFFKL#XDOEHUWD�FD�_�KWWSV���VLWHV�XDOEHUWD�FD�aPVDFFKL



XDOEHUWD�FD�SK\VLFV

*(23+<6,&6

2ĴFH�RI�*UDGXDWH�6WXGLHV���3K\VLFV
SK\VJUDGSURJUDP#XDOEHUWD�FD
�������������

'U��8QVZRUWKŖV�UHVHDUFK�LV�LQ�WKH�ıHOG�RI�HOHFWURPDJQHWLF
JHRSK\VLFV�� SULPDULO\� XVLQJ� WKH� PDJQHWRWHOOXULF� PHWKRG� WR� LPDJH�
(DUWK�VWUXFWXUH�LQ���'��+LV�UHVHDUFK�LQFOXGHV�XVLQJ�PDJQHWRWHOOXULFV�
LQ�����H[SORUDWLRQ�IRU�PLQHUDO�DQG�JHRWKHUPDO�UHVRXUFHV�����VWXG\LQJ�
SODWH� WHFWRQLF�SURFHVVHV�DQG�HDUWKTXDNHV�DQG� ���� LPDJLQJ�PDJPD�
EHQHDWK� DFWLYH� YROFDQRV� WR� EHWWHU� XQGHUVWDQG� HUXSWLRQV� DQG�
KD]DUGV�

0DUW\Q�8QVZRUWK��3URIHVVRU
(OHFWURPDJQHWLF�*HRSK\VLFV

$WPRVSKHULF�� RFHDQLF� DQG� HQYLURQPHQWDO� ĲXLG� G\QDPLFV�� VWUDWLıHG�
ĲRZV��LQWHUQDO�ZDYHV��SOXPHV�DQG�JUDYLW\�FXUUHQWV��SDUWLFOH�EHDULQJ�
DQG�SDUWLFOH�ODGHQ�ĲRZV�

%UXFH�6XWKHUODQG��3URIHVVRU
*HRSK\VLFV�	�)OXLG�'\QDPLFV

EUXFH�VXWKHUODQG#XDOEHUWD�FD�_�
KWWS���VLWHV�XDOEHUWD�FD�aEVXWKH

XQVZRUWK#XDOEHUWD�FD�_�
KWWSV���VLWHV�XDOEHUWD�FD�aXQVZRUWK

0\� UHVHDUFK� LQWHUHVWV� VSDQ� VLJQDO� SURFHVVLQJ�� VHLVPLF� ZDYH�
SURSDJDWLRQ�� JHRPHFKDQLFV� DQG� PLFURVHLVPLFLW\�� 6RPH� UHVHDUFK�
TXHVWLRQV� P\� VWXGHQWV� DQG� ,� DUH� WDFNOLQJ�� 'RHV� IUDFNLQJ� FDXVH�
HDUWKTXDNHV"�+RZ�FDQ�ZH�PLWLJDWH�KXPDQ�LQGXFHG�VHLVPLFLW\"�&DQ�
ZH�PRGHO�URFN�GHIRUPDWLRQ�GXULQJ�K\GUDXOLF�IUDFWXULQJ�WUHDWPHQWV"�
+RZ� FDQ� ZH� HQKDQFH� GDWD� TXDOLW\� DQG� UHVROXWLRQ� WR� GHWHFW� ZHDN�
HYHQWV� DQG� IHDWXUHV"� &DQ� PDFKLQH� OHDUQLQJ� DOJRULWKPV� SUHGLFW�
IDLOXUH"�,�FROODERUDWH�H[WHQVLYHO\�ZLWK�WKH�K\GURFDUERQ�LQGXVWU\�DQG�
PDQ\�RI�P\�VWXGHQWV�KDYH�IRXQG�SRVLWLRQV�WKHUH�

0LUNR�YDQ�GHU�%DDQ��3URIHVVRU
6HLVPLF�:DYH�3URSDJDWLRQ�	�*HRPHFKDQLFV

PLUNRYDQGHUEDDQ#XDOEHUWD�FD�_�
KWWSV���VLWHV�XDOEHUWD�FD�aYDQGHUED



PARTICLE PHYSICS



The particle physics group at University of Alberta studies the fundamental nature of 
matter and force. Our work tries to answer some of the most fundamental questions in 
nature, such as: what is the nature of dark matter? why is the Universe full of matter and 
not anti-matter? how do neutrinos change flavour and are they their own anti-particle?

Our group plays major roles in large international collaborations around the globe at CERN 
(Switzerland), SNOLAB (Ontario) and the South Pole.

Dr. Czarnecki studies phenomenology of gauge interactions and 
searches for new physics.

Andrzej Czarnecki, Professor

Dr. Gingrich’s research focuses on experimental high energy particle 
physics using the ATLAS detector at the CERN laboratory in 
Geneva, as well as phenomenology and searches for quantum 
gravity and superstring theory.

Doug Gingrich, Professor
ATLAS

andrzej.czarnecki@ualberta.ca | 
https://sites.ualberta.ca/~andrzejc

gingrich@ualberta.ca | www.ualberta.ca/~gingrich

uncovering the mysteries of our universe

Particle

Dr. Bozorgnia’s research is focused on dark matter 
phenomenology, especially the nature and detection of dark 
matter, the Galactic dark matter distribution, and dark 
substructures. The goal of her research is to identify the particle 
nature of dark matter, through distinct signatures on the Galactic 
dark matter distribution. Her group uses various approaches to 
probe the dark matter distribution in the Milky Way, taking 
advantage of state-of-the-art high resolution cosmological 
simulations and recent high precision astronomical data. 

Nassim Borzognia, Assistant Professor

nbozorgnia@ualberta.ca 



Dr. Moore’s research focuses on supersymmetry, dark matter and 
neutrinos.  He is a member of the IceCube experiment at the South 
Pole which measures the interactions of high energy neutrinos in the 
ice 2 km below the surface of Antarctica. The energy of some of 
these neutrinos exceeds the highest energies ever obtained by an 
accelerator making them an excellent place to search for evidence 
new physics. He is also working on a new neutrino detector in the 
Pacific Ocean off the west coast of Vancouver Island.

Roger Moore, Professor
Neutrino & Beyond the Standard Model Physics

Finding dark matter particles and neutrinos from sources far away 
from earth has been Dr. Krauss’ research focus for some time.  He 
is leading the search for dark matter with the PICO bubble 
chambers at SNOLAB, is involved in the SNO+ experiment, and is 
also working on a new neutrino telescope in the Pacific Ocean to 
measure neutrinos from very distant sources.

Carsten Krauss, Associate Professor
Dark Matter & Neutrino Physics

carsten.krauss@ualberta.ca | 
https://sites.ualberta.ca/~carsten

rwmoore@ualberta.ca 

Particle

Dr. Penin studies perturbative quantum field theory and its 
application to particle and condensed matter physics.

Alexander Penin, Professor
Perturbative Quantum Field Theory

penin@ualberta.ca | https://sites.ualberta.ca/~penin

aksel.hallin@ualberta.ca | 
www.ualberta.ca/~aksel-hallin 

Dr. Hallin’s research focuses on two high priority areas of 
astroparticle physics: the nature of the neutrino and the search for 
dark matter. Based on the SNO+ neutrino detector at SNOLAB, the 
Hallin group studies the measurement of neutrino properties, solar 
neutrinos and geoneutrinos. As part of the DEAP-3600 experiment 
at SNOLAB, Dr. Hallin also explores direct detection of galactic dark 
matter.  

Aksel Hallin, Professor
Dark Matter & Neutrino Physics
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Dr. Yáñez’s main research interest is neutrino physics, in particular 
neutrino oscillations and the origin of neutrino masses. He is 
currently involved in the IceCube, SNO+ and P-ONE experiments, 
as well as in modeling atmospheric neutrino production and the 
development of novel photodetectors for large particle physics 
experiments.

Juan Pablo Yáñez, Assistant Professor
Neutrino Physics

Marie-Cécile Piro and her group focus on developing dark matter 
direct detection techniques, understanding their response by 
analyzing the data and simulating their backgrounds in order to 
extract the interesting signal.  They work to improve detector’s 
performance and test the feasibility in laboratory. Dr. Piro is also 
exploring new horizons focusing on theory and phenomenology of 
dark matter.

Marie-Cécile Piro, Assistant Professor
Dark Matter Physics & Beyond

mariecci@ualberta.ca | www.ualberta.ca/~piro

j.p.yanez@ualberta.ca | 
https://sites.google.com/ualberta.ca/yanez

jpinfold@ualberta.ca | www.ualberta.ca/~james-pinfold

James Pinfold, Professor
ATLAS, MoEDAL

Dr. Pinfold is working on the ATLAS and MoEDAL experiments at 
the LHC at CERN. He is involved in the search for magnetic charge, 
extra dimensions, new symmetries of nature, candidates for dark 
matter and other avatars of new physics. He is currently involved in 
the design, construction and testing of a new MoEDAL sub-detector 
(MAPP) for the detection of fractionally charged particles and new 
long-lived particles at the LHC. In addition, Pinfold is also 
contributing to the upgrade of the ATLAS LUCID-luminometer and 
AFP, ATLAS’ latest detector.


