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)LHOGV
ō LQLWLDO�FRQGLWLRQV��
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%+V�DFURVV�FRVPLF�KLVWRU\�� $,�LQ�&RVPRORJLFDO�
6LPXODWLRQV
5HVHDUFK�FKDOOHQJH�
&RVPRORJLFDO�VLPXODWLRQV�IROORZ�WKH�KLVWRU\�
DQG�IDWH�RI�WKH�8QLYHUVH��DOO�WKH�ZD\�WR�WKH�
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&OXVWHUV���0DFKLQH�/HDUQLQJ

&OXVWHU�&RVPRORJ\
Ɣ ,QIHUHQFH�IURP�REVHUYDWLRQV�
�VSHF�]¶V��OHQVLQJ��;�UD\��«�

Ɣ &OXVWHU�ILQGLQJ��PHPEHU�VHOHFWLRQ
Ɣ 0RFN�REVHUYDWLRQV�IURP�1�ERG\���
K\GURVLPXODWLRQV

Ɣ 6XUYH\�DQDO\VLV��'(6&�

'DWD�6FLHQFH
Ɣ 'HHS�/HDUQLQJ��'HQVH��&11V��
*$1V��511V��5�&11V�

Ɣ %D\HVLDQ�0RGHOLQJ��$SSUR[LPDWH�
,QIHUHQFH��1RQSDUDPHWULF�6WDWLVWLFV
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Tina Kahniashvili  
 
The McWilliams Center For Cosmology   

	
•  Cosmology	

–  Very	early	universe	
•  Gravita3onal	waves	
•  Cosmic	microwave	background	
•  Fundamental	symmetries	

–  Late-3me	cosmology	
•  Dark	energy	
•  Massive	gravity	

–  Astro-par3cle	physics	
•  Neutrinos	mass	origin		

•  Astrophysics	
–  Cosmic	magne3c	fields	
–  Cosmic	turbulence	
	



3DWULFN�/D&KDQFH
�QG�<HDU�*UDGXDWH�6WXGHQW
Ɣ :RUNLQJ�ZLWK�5XSHUW�&URIW

Ɣ ,QWHUHVWV���$UHD�RI�5HVHDUFK��$SSOLFDWLRQV�RI�0DFKLQH�/HDUQLQJ�WR�&RVPRORJLFDO�VLPXODWLRQV

Ɣ &XUUHQW�3URMHFW��8VLQJ�*$1V�WR�LQFUHDVH�WKH�ILGHOLW\�RI�ORZ�UHVROXWLRQ�VLPXODWLRQV
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5HVHDUFK�,QWHUHVWV�
Ɣ 'DUN�0DWWHU
Ɣ 'ZDUI�*DOD[LHV
Ɣ 6WHOODU�6WUHDPV

3RVWGRF��0LON\�:D\�*URXS



Jeff PaƚƌicŬ
WŽƌŬiŶg ǁiƚh SeƌgeǇ KŽƉŽƐŽǀ
aŶd Maƚƚ WaůŬeƌ
ϱƚh Ǉeaƌ gƌad ƐƚƵdeŶƚ
AƵƚŽŵaƚiŶg ƚhe fiƚƚiŶg aŶd 
chaƌacƚeƌiǌiŶg Ɛƚeůůaƌ ƐƚƌeaŵƐ



Riccardo Penco 
Office: Wean 7408 
Email: rpenco@cmu.edu

EFTs for open systems

Black Holes

Gravitational waves

Research Interests:  
effective field theories for high energy, condensed matter, 
and cosmology

EFTs for  
magnetic systems

Formal

Scattering Amplitudes

home

mailto:rpenco@cmu.edu
mailto:rpenco@cmu.edu


&ROOLQ�3ROLWVFK
3RVWGRFWRUDO�)HOORZ
0DFKLQH�/HDUQLQJ�'HSDUWPHQW

&RVPRJUDSK\�
ZLWK�WKH�/\PDQ�Į

IRUHVW
2WKHU�LQWHUHVWV��([RSODQHW�WUDQVLWV��
VSHFWURVFRSLF�FODVVLöFDWLRQ�DQG�
UHGVKLIW�HVWLPDWLRQ��HWF�

,QWHUJDODFWLF�K\GURJHQ�
DEVRUSWLRQ
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Markus Michael Rau 
Postdoc 

working with 
 Rachel Mandelbaum, Hy Trac

Bayesian Statistics
Hierarchical Models

Deep Learning
Spatial Statistics

Inverse Problems

Photometric Redshifts

Weak Lensing

Large Scale Structure

Approximate Inference

Probability Calibration

Cosmological Inference

Machine Learning

Deconvolution
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&KDG�6FKDIHU
3URIHVVRU��'HSDUWPHQW�RI�6WDWLVWLFV�	�'DWD�6FLHQFH

KWWS���ZZZ�VWDW�FPX�HGX�aFVFKDIHU
FVFKDIHU#FPX�HGX

2EMHFW�6SHFLILF�3DUDPHWHUV

5DZ�2EVHUYDEOHV

&DQRQLFDO�3DUDPHWHUV

&RVPRORJLFDO�3DUDPHWHUV

/LJKW�FXUYHV��LPDJHV��VSHFWUD�����

2EMHFW�W\SH��UHGVKLIW��PDJQLWXGH�����

/XPLQRVLW\�IXQFWLRQV��FRUUHODWLRQ�IXQFWLRQV�����

:KDW�LV�DVWURVWDWLVWLFV"�7KH�ELJ�SLFWXUH�

http://www.stat.cmu.edu/~cschafer
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&XUUHQW�5HVHDUFK�

Ɣ :HDN�OHQVLQJ�RI�WKH�
/\�DOSKD�IRUHVW

Ɣ 8VH�HVWLPDWRU�
GHYHORSHG�E\��5��
%HQWRQ�0HWDOI��1LFRODV�
7HVVRUH��5XSHUW�&URIW�
WR�UHFRQVWUXFW�OHQVLQJ�
SRWHQWLDO

Ɣ $SSO\�WR�UHDOLVWLF�GDWD�
VHWV�IURP�&/$0$72�
DQG�/$7,6�VXUYH\V

�,I�\RX�FRQIXVH�PH�DQG�
3DWULFN�/D&KDQFH�LW¶V�
RN«�ZH�DUH�LGHQWLFDO�WR�
OHDGLQJ�RUGHU�



Sukhdeep Singh
McWilliams Postdoc fellow

Research interests
• Large Scale structure in the Universe

• Weak Lensing measurements, systematics
• Cross correlations, joint analysis, statistics.

• Intrinsic alignments of galaxies
• Fundamental plane / size relations of galaxies



3RVWGRF��+LJK�(QHUJ\�7KHRU\�	�
0F:LOOLDPV�&HQWHU

*UDYLW\��FRVPRORJ\��DQG�HIIHFWLYH�
ğHOG�WKHRU\

5HFHQW�UHVHDUFK�LQWHUHVWV�

Ɣ 'DUN�HQHUJ\��LQĠDWLRQ��DQG�
PRGLğHG�JUDYLW\

Ɣ %ODFN�KROH�SHUWXUEDWLRQ�WKHRU\
Ɣ &RVPRORJLFDO�FRQVWDQW�SUREOHP

$GDP�6RORPRQ



Hy Trac

Associate Prof 
8307 Wean Hall 
hytrac@andrew.cmu.edu 

Group

Nianyi Chen, Yizhou He, Matt Ho, Dipto Mukherjee, 
Markus Rau, Faith Ruehle, Qirong Zhu 

Interests

cosmology, astrophysics, machine learning, 
structure formation and evolution, 
dark matter, galaxies, clusters, reionization, 
hockey 

Tools

Cosmological simulations 
N-body, hydro, radiative transfer 

Amber:  semi-numerical reionization (Nianyi) 
Ether:  finite-volume particle method 
Hyper:  fast hydro-particle-mesh (Yizhou) 
RadHydro:  radiation-hydrodynamics 

Bayesian Deep Learning:  McWilliams-PSC Seed Grant    
                                            (Matt, Markus)

CMB

First stars and galaxies

Galaxy clusters Supercomputing



Tianqing Zhang
3rd year grad student

Advisor: Rachel Mandelbaum

Weak Lensing Systematics by PSF

• Learn how PSF higher order
moment uncertainty causes
systematics in weak lensing shear
measurement.

• Scheme PSF modeling requirement
for DESC.

• Measure PSF modeling error for
HSC

Covariance Matrices Testing

• Test compression methods for weak
lensing data vector.

• Identify cosmological informative
elements in the covariance matrices.
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5HVHDUFK�LQWHUHVWV��

Ɣ *DOD[\�IRUPDWLRQ�DQG�HYROXWLRQ��JLDQW�ORZ�
VXUIDFH�EULJKWQHVV�JDOD[LHV�LQ�K\GUR�
VLPXODWLRQV��

Ɣ 1�ERG\�G\QDPLFV��IDVW�PXOWLSROH�PHWKRGV��



5DFKHO�0DQGHOEDXP 2EVHUYDWLRQDO�FRVPRORJ\�
š KRZ�FDQ�ZH�PDNH�WKH�EHVW�XVH�RI�ODUJH�

GDWDVHWV"���VWDWV��0/�FRQQHFWLRQ�
š FRVPRORJ\��GDUN�HQHUJ\��PRGLıHG�JUDYLW\
š WKH�JDOD[\�GDUN�PDWWHU�FRQQHFWLRQ

0\�FXUUHQW�SOD\JURXQG�

,�PHDVXUH�ZHDN�OHQVLQJ� IRU�WHQV�RI�PLOOLRQV�RI�JDOD[LHV WR��VWDWLVWLFDOO\��PDS�GDUN�PDWWHU
DQG�DQVZHU�WKHVH�TXHVWLRQV

)XWXUH�VXUYH\V�,ŖP�LQYROYHG�LQ�

&XUUHQWO\�6SRNHVSHUVRQ�RI



Making light pollution 
maps of Pittsburgh with
satellites, the ISS, drones 
and aircraft in advance 
of the city changing 
40K streetlights to 
shielded LEDs. 

Diane Turnshek
Special Faculty




