University of Pittsburgh

100 Allen Hall
. . . 3941 O’Hara Street
Kenneth P. Dietrich School of Arts and Sciences Pittsburgh, PA 15260

Department of Physics and Astronomy e o163

www.phvsicsandastronomv.pitt.edu

October 16, 2018

Dear Colleagues:

It is my great pleasure to support the nomination of Tinatin Kahniashvili as a member of the Georgian Academy
of Sciences in Physics. I have collaborated with Tina for over 10 years: we have co-authored 11 refereed papers since
2002, and we have been co-investigators on several research grants over that period. Tina was a visiting researcher
at Rutgers University on two occasions when I was a junior faculty member there in 2002 and 2004, and had a brief
stretch as visiting researcher at University of Pittsburgh before moving to neighboring Carnegie Mellon University.

Tina is an excellent theoretical cosmologist, with additionally a strong background in plasma astrophysics. Her
undergraduate physics texts were the entirety of Landau and Lifshitz, followed by graduate training in Moscow with
Novikov. Tina also has a very good sense of interesting problems. Many theorists in cosmology today work on
phenomenology of dark energy and improvements in cosmological parameter estimation, which while important often
leave limited room for creativity and innovation, or else highly speculative ideas about extra dimensions, anthropic
arguments, multiverses, and other topics with tenuous relevance to the real world. Tina has shaped a compelling
research program applying well-known physics to the early universe in novel ways, while always staying grounded
with connections to current or future experiments.

Here is a quick tour through the major topics she has worked on since 2007, to give a sense of both her breadth and
depth. During 2008, she published papers on detectability of primordial gravity waves from the electroweak phase
transition, constraints on primordial magnetic fields from Faraday rotation of the microwave background polarization
using WMAP data, the microwave background temperature signature of a homogeneous magnetic field, constraints
on Lorentz invariance violation using optical activity of microwave background polarization, and primordial helical
MHD turbulence in the early universe. Her paper with CMU postdocs Battaglia and Natarajan gave a competitive
constraint on primordial magnetic fields through the impact they have on the growth of structure, an effect that
was overlooked for a long time. Her 2011 paper with Chitov, August, and Natarajan examining cosmological models
with time-varying neutrinos breaks new ground in this area by constructing physically consistent solutions from a
fundamental field-theoretic description of the neutrinos, something which was not done in previous work. Our paper
in Physical Review Letters from 2011 was the first to point out that the Planck satellite would be able to detect the
aberration of the cosmic microwave background; the Planck collaboration’s Paper 27 (2013) detected this effect at
the level we predicted. In 2014 and 2015, she became interested in tests of isotropy and effects which contribute to
off-diagonal correlations in the microwave background power spectrum, as well as tests of modified gravity. I have
collaborated with her on some of these papers; I would be proud to have written the others. Her work is consistently
creative and original.

Of particular note are a series of papers about cosmological magnetic fields generated through turbulence in a
cosmic phase transition. Axel Brandenburg and she have performed the best numerical simulations of magnetic field
dynamics in the evolving universe; they have shown, among other things, that an inverse cascade can amplifies initial
helical magnetic fields on comoving scales larger than the Hubble length at the phase transition. These results are in
a couple of Physical Review D papers studying the evolution of primordial magnetic fields through phase transitions
in the early universe. A 2015 paper in Physical Review Letters with Brandenburg and Tevzadze shows an inverse
cascade even from initially nonhelical magnetic fields. These results are all quite interesting for the unresolved and
basic question of the origin of large-scale magnetic fields in the universe today. Tina has also explored the generation of
a stochastic gravitational wave background from periods of cosmological turbulence, in a paper from 2007 considering
Kolmogoroff turbulence (with Gogoberidze and me), and then in several papers for helical magnetohydrodynamic
turbulence (with various combinations of Lavrelashvili, Ratra, Campanelli, Maravin, Gogoberidze, Brandenburg, and



Tevzadze). These signals, while currently well out of reach, are potentially measureable with a space-based laser
interferometer like the planned LISA project of the European Space Agency. These prospects have received a huge
boost since the first LIGO gravitational wave detection two years ago. Tina has assembled a high-powered team for
several grant proposals to perform a comprehensive study of the generation of gravitational waves and magnetic fields
from turbulence in the early universe; it is a very interesting and forward-looking research program which will help
drive the science program for space-based laser interferometers over the next 15 years.

Tina’s physical reasoning and insight are strong. She has formidable analytical abilities in the Russian tradition,
combined with a strong physical intuition and a broad knowledge base ranging from gravitation to plasma physics.
She knows how to isolate the physics at the heart of an issue, frame the relevant mathematical problem, and then
push through a solution to the end. She is a truly fearless calculator. One of her calculations on higher-order
statistics of the microwave background led to an expression involving hundreds of terms, each involving a nontrivial
integral, which she methodically proceeded to calculate in a thick notebook over the next few weeks. Another time she
couldn’t get a large expression with many terms to simplify the way she thought it should — and traced the difficulty
to an error she uncovered in a tensor spherical harmonic integral identity in the encyclopedic Varshalovich et al.
mathematical reference book on representations of the rotation group. She does not do numerical work herself, but
has successfully collaborated with several colleagues who have contributed numerical calculations to her analytic ones,
notably the above-mentioned MHD simulation work with Brandenburg. She has a great deal of scientific integrity,
and will not let a problem go until she has understood every aspect of it. Her taste in scientific problems is similar
to Ruth Durrer (Professor at University of Geneva), with whom she has collaborated, but Tina’s results break more
new ground. Her interests also parallel those of Tanmay Vachaspati (Professor at Arizona State University), but
Tina is better at developing new lines of inquiry in response to new data or theoretical developments, so her work
over the past five years has been more immediately relevant than that of Vachaspati. In terms of ability to put
together collaborations including people with widely different skill sets to accomplish a particular research goal, Tina
operates at the level of well-known senior people who have many more resources at their disposal. Tina’s recent work
has incorporated contributions from experimenters (the Fermi gamma-ray satellite) and numericists (cosmological
magnetohydrodynamics, growth of structure) in addition to theorists of all stripes. (Axel Brandenburg, Gregory
Gabadadze, and I certainly don’t have much overlap in what we work on!)

Tina’s overall publication and citation numbers (around 60 refereed publications, 2200 total citations according
to the NASA Astrophysical Data System) are very respectable, marking her as a serious contributor to theoretical
cosmology and astrophysics on the international level. Tina has also contributed much time and effort to organizing
meetings and research efforts. In 2015, she was the primary organizer for a 3-week workshop on astrophysical magnetic
fields at NORDITA in Copenhagen, and is currently working on a proposal for a workshop at the Kavli Institute of
Theoretical Physics at the University of California, Santa Barbara. Tina has had excellent grant support from the
US National Science Foundation and NASA over the past decade (better than mine!).

Tina Kahnishvili’s many contributions to theoretical cosmology and astrophysics, her record of publication and
citation in top international journals, her research and conference organizing, and her continuing research program
at the forefront of cosmology all make her an obvious choice for membership in the Georgian Academy of Sciences. I
hope that you see fit to offer her membership.

I am currently Professor and Chair of Physics and Astronomy at the University of Pittsburgh. Please don’t hesitate
to contact me if you would like to discuss Tina’s case: email kosowsky@pitt.edu, phone (412) 624-9000.

Best regards,

Arthur Kosowsky
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Roslagstullsbacken 23, SE-106 91 Stockholm, Sweden Tfn: +46 8 5537 8436 Fax: +46 8 5537 8404 info@nordita.org www.nordita.org

October 15, 2018

To the Georgian National Academy of Sciences,

As an elected member of the Royal Swedish Academy of Sciences (since 2014) and
an accomplished scientist with an A index of 67 on Google Scholar, I feel privileged
to write to you to nominate Professor Tina Kahniashvili of Ilia State University as
member of the Georgian National Academy of Sciences.

She is an exceptionally strong scientist in terms of demonstrated world-class research
over more than two decades. She is also strongly committed to introducing the younger
generation to science, as is evidenced by her teaching and the supervision of graduate
students. Her work on primordial magnetic fields and gravitational wave production is
extremely relevant for many of the current and future space and ground-based missions
that are at the verge of opening new windows to our understanding of new physics in
the early Universe.

Dr. Kahniashvili’s scientific background is extremely broad and always concerned with
aspects of current interest to a wide community of people. I was always very impressed
by her thorough understanding of turbulence physics, especially in connection with the
evolution of cosmological magnetic fields generated during electroweak or QCD phase
transitions, as well as magnetic fields generated during inflation. On many occasions,
I had the opportunity to work with her and enjoy her analytic thinking and her way of
planning, which proved crucial to her considerable productivity. I have also been co-
organizing scientific meetings and conferences with her, and have thereby experienced
her synergetic skills first hand. Regarding her work on the generation of gravitational
waves, her expertise is world-leading and her technical skills outstanding.

Of particular importance are her works on the microwave background signatures of
primordial stochastic magnetic fields, the gravitational radiation from cosmological
turbulence, and the evolution of primordial magnetic fields from phase transitions.
These have all been pioneering contributions to the field that continue to provide
standard references. Dr. Kahniashvili is an authority in many aspects of cosmology and
is clearly of the caliber of many other academy members worldwide. I have therefore
no hesitation giving her my strongest support for the nomination as member of the
Georgian National Academy of Sciences.

Yours sincerely,

/MBM- cé’fwi/,

Axel Brandenburg
(Professor, PhD)
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033005009 3. 0domobdo, 1962 fowob. 29 mJ@madimb (CJs - CMSGOLs YsMsF30Mm0, 8sds -
3308600 3sb60sd300m0). 1979 (aomb “Mmd@Mmb 9700M00N” 08388003 0IdOMOLOL 23-9
LSTMsEMM L3MEMS s R¥300M0EB] 03507  R336OT300MOL  OIBOMOLOL  LsbjyeMIjoBm
MB039MLOGIBAOL BOBOIOL B3MMEIEB), MMIIMOE FsRODID00Y 0835800530) 0NJMMOYLEMO
B0BOIOL  L3)B0IMMB00Y. LsOB3CMMIM  BsIMMI0  “AMI930BIBOICMO  dTISFCRMSCOMIOL
Y50mM0dHMEMSCO 06335m05bE Mo 0JMMH0OY” 3935b MMy 30MSC0009M oM 3530L
6703dM33670MmMB00Y 3MLAMLYGMO 330M)3700L 0BLEOEGMAT0 (BMb3lM30, MMLbyonn). 1984 faemb
bfs3eMs  A3353Mdgemg  3MLAMLYGO  33eMI3700L 0BLEHOBAMBT0. 1988  Gaomb 8303930
L5360 IE™M EOLYIMAEAIEOs 0735B]:  “BMS30ASEBOVNO 33T ASCOMAIOL 436300050
3MIMem  LSFYsMMT0” s  IMBIBOFS BOBOZS-0500733BE030L  39360)MIDIS  33BLOOCOIEOL
Ls393B0IIM BsIOLBO. 1988 eMOEsE 38MTsMd 933360 BIMSIOL $d3LOIMTEOL SLEAHMBOBOIM™
MBdLYIM3sAHMM0s80. 1999 faemb M3d500930L bsb. BOBOZOL OBLEOEMEOL VIM@MOMIO BOBOIOL
356yMBOMMgds30 05303530  bsoMmIAMGMM oLIMEIE0s ™J3sH]:  “MIoIEHMGMO  BMBOb
BMO®H30MIdS Qs LsBYSIL aLbbL30EMAsLIBSdM 3360 LAY IS Qs 9033603
30%035-8500935s3030L 3736076090500 coMJAMMOL bsIoLBO. 2002 §gomb 8303330 bscomJBmeHm
obIMABIE0s  3d5LOIMTBOL  SLEAGMBOBOINMO MBLIMISAMOMOOL bs3)3b0IGM  bIdFMBI, s
03760y 0733609M7ds0s oMmjGmMemob bsH0OLBO. 30M05dC00 0733609M-0330M 9330S0
bygMmnsdmMobm 3a6@™addo (ICTP & SISSA, ltaly, CCPP, NYU) cos dmf{37mem 3MmMBabmMsco
383-0L, 336s5000bs COs 93GIM30b MBo33MbOGIEIdT0 (Rutgers, Kansas State University, Carnegie Mellon
University, Geneva University, Laurentian University). 3893500 ogmosb bsbjomadfiosm mbozg@mbo@yddo
2008 §emoosh. ®IM sbmEo®Mgdmemo 3Mmagbemmo, 2011 §omosb 30 30MBILMGMO 3. 3Ys3b

070 ) (M0 FIC00s) COS J5eM0T300M0 (365-856108 FJ00).

Ls3936090MM 330M73s R0 FBM3MIJIOL 236YMBIMO Bsfoomas. §370M07 FMTYs3L dMEMM SO0
femob 3sb6doem®Bg B30 COs (3980 013b6s33EMMIBOL 30YE 23BBMMEOICNIDMIMO 33¢9)37d0L T3
3mfig®s (0b .33. 2):
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e  J7Lfs30mM0M 0465 302LAMLYEO FOIMHMESENMM3SB0 BMBOL SGOBMEGMIMMMdS COS
3MBOL 3MEMI0BIFO0L LOJB@MEYOL BSG®SCOIOL dHMB3IS, IMTICMOE 33IMF3TMCMOS
306H390Ms000 33b60E Mo 39cmom, Kahniashvili, Maravin, and Kosowsky, 2008, Kahniashvili,
Lavrelashvili, and Ratra, 2008, sb)35 Kahniashvili and Lavrelashvili 2010. gb b&s309d0
90R69MM0s 8900MOMMMMP0M® LESE07d5c0 PLANCK-0b 30emsdmMs3oob 8096, cos gb
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Kahniashvili, and Yates, 1998.

e  J7Lfs30m0M 0465 302LIMLYGO FOIBHMESCNMM3500 BMBOL COs330MH3707d0b 37837MdOCN
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2010, Kahniashvili, Tevzadze, et al. 2010, Kahniashvili, Tevzadze, Ratra, 2011, Kahniashvili,
Tevzadze et al. 2013, Kahniashvili, Maravin, et al. 2013, Kahniashvili, Brandenburg, Tevzadze,
2016, Brandenburg, Kahniashvili, et al. 2017 (two papers). 8700929500 Bsfiocmo dmemm bmomo
0ol 2568530 dsd0s 30009dMMO.

30M330M30 MOEH300N0 IMOICMOMIdOL 373391MB00Y COSCANB0S sMSL3OMSCI MO
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0s3mob 878006393530, Brandenburg, Kahniashvili, Tevzadze, 2015. sbj39 R396 3930bfs30m0n
A& MMIBEAMdOL COITEMOL dOMO0SCOO 35bMBHBMB0IMIdId0 COs 306390 )dTs
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Kahniashvili, 2017. ;o031 9b 868s 25902437469dMe0s Phys. Rev. Lett 8o cos dmemm bmomo
ficnob 836doembB) 8omdMem 370092930 43693M003690s.

30M390M3c0 J7LFs30MOM 0468 0BBEMIFOMMSCO 236700010 330G 370M0
73MmemMi30s, Kahniashvili, Campanelli, et al. 2012, Brandenburg, Kahniashvili, Brandenburg, et
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25605305308 30MIVMM0.
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2016: baxshm ¢97E0s “DsdysMM: Fo@MbMeMOb 8Mas30mmobIIB”, 33333b00L MB037MLOAG IGO0,
bsJshHoN390MmM

2016: CMU Introduction to Research | Lecture: “Challenges of the Early Universe Cosmology” (USA)
Nele]

2016: White House Star Party (participant), Allegheny Observatory (USA) 39

2016: baRIM ¢MIJE0S: “AMS30BSBOVIMO BseMmMId0: BsbXsMs L3dYsMI0”, 0oL
bsbgEMAfoxrMm MBO37MLOEIB0, LsJshoN370mMM

2015: CMU Introduction to Research | Lecture “Challenges of the Early Universe Cosmology” (USA)

2015: baxkshm ¢97E0s “30bAMLYGO Bs3B60E MM 370M330”, eMosb bsbyemafosm
MB6039MLOAEIB0, bLaJstronN3)eMM

2014: CMU Intro to Research | Lecture “Challenges of the Early Universe Cosmology” (USA) s33

2014: by s 97RO “3MLAMLMEO Fs3B0E MO 390M330”, BOBOZOL OBLEOEME0, LY,
LsJsHON390MmM

2014: CMU Undergrad Colloquium “Mapping the Early Universe through Microwave Background”
(USA) »89

2014: by s ¢M9JE0S, “DFYSMMD bY@ SNOL sMEOPIBs” , OEMOSL bsbyemafoBm
MB039MLOAEIB0, LaJsHIoN3)eMM

2013: CMU Introduction to Research | Lecture “Reconstructing the Early Universe” (USA)

2013: baxksmMm ¢M9JE0s “D3YsMMD 0833003709007, 3d35LOIMIBOL MALYIBZsGHMMOS,

LsJsHON390MmM
06033690mMmmM 3560 3MMRBILOMYENO 2I0MFOOM)dS
(dmoemm bM;o femob 8s6dogm®q)
3MMM™M 43013980, 30539M0mo 3mbbg6552920, by3obs®ado

2017: “Gravitational Waves — A New Window to the Universe”, University of Pittsburgh, USA (seminar)
2017: “Gravitational Waves: the Window to the Universe”, Laurentian University, Canada (colloquium)
2017: “Inflationary Magnetic Fields and Its Signatures”, Geneva University, Switzerland (seminar)
2016: “mbIMbYGO 33B0EMMO 390MJd0: [sMIMIMDS, JZMMMEOS COS C0330M37dO0NO

9060369075%0”, 0cmosb bsbyemadfoxsm MBo35MHLOEGIG0 (3MemM]3030) bsJsGron3zjecmm
2016: “263303s30MM0O BseMmMId0 - BBXR IS LIFYsMIMBTO”, LaJs@N330MmMML 8360)MH DSOS

M 36MMO 335009808 (8MbLABDS), byJshon3geMM
2016: “Mapping the Early Universe through Gravitational Waves, Kent University, USA (colloquium)
2016: “Fundamental Symmetries, Gravity, Microwave Background”, Kent University, USA (colloquium)
2016: “Evolution of Primordial Magnetic Field”, Geneva University, Switzerland (cosmology seminar)
2016: “Scale Invariant Helical Magnetic Fields and the Duration of Inflation”, ICTP (Cosmology seminar)
2016: “Gravitational Waves Induced by Cosmic Magnetic Fields, Arizona State University (seminar)
2015: “3mbAMEMMAOMMO 35360E M0 3709007, 0eM0sL bsbgemadfoxsm MBo35MboGIB0

(30 3300980) byJs™N3 M
2015: “Evolution of Primordial Magnetic Fields”, University of Washington St. Louis, USA (seminar)
2015: “Cosmological Aspects of Massive Gravity”, New York University, USA (seminar)



2015:

2015:

2014:

“3003MbLY@MO BB MM 390M730”, 0dBOMOLOL bsbyemafoxzm MBO33MLOGIB0
(b7BOBI®) LsJstrON3)0MM

“038YSMML SRJsEIOMEMO BBII0NMIVS”, OEMOSL bsbgemafoxrm MBo37MboG IGO0

(3™ J300980) baJsMN3IXIM

“B3B0s396& M0 B0BOI0L BILEAOMIVS”, OEMOSL bsbyemafoxsm MBo330MLbOEIG0

(3memmMg30900)

2014:
2014:
2014:

2014:
2014:

2013:
2013:
2013:

“Primordial Magnetic Helicity Effects on the CMB”, NORDITA, Sweden (invited guest-speaker)
“Cosmological Consequences of Massive Gravity”, NORDITA, Sweden (invited guest-speaker)
“30203MLYGMO BB MO 3707307, 0EMOSL bebyeMAFoRM™ MB0371MLOGIB0

(30 3300980) byJsMN3IIM

“Massive Gravity vs. Planck & BICEP2”, CMU, USA (faculty lunch talk)

“The Universe: Looking Backward — Looking Forward”, Kansas State University, USA
(colloquium)

“‘PLANCK 30b8mmma0meo 8900923700” 3smsemo 969M0300L 30%030L Jsgmsdob bydobs@o
“Cosmological Magnetic Fields: Theory & Observations”, Arizona State University, USA (seminar)
“Evolution of Cosmological Magnetic Fields”, New York University, USA (seminar)

3165390 9630980

2018:
2018:
2017:
2017:
2017:
2017:
2017:
2016:
2015:
2015:

2015:
2014:

2014:

2014:
2013:

2013:

2013:

“Primordial Magnetism” XXX IAU Symposium: Focus Meeting FM8 “New Insights of Extragalactic
Magnetic Fields”, Vienna, Austria (invited talk) s3b@&®os

“Gravitational radiation from Primordial Turbulence”, LISA International Symposium, USA

(invited talk) 33

“Cosmic Magnetic Fields: Generation, Evolution, and Signatures”, TEXAS 2017 Symposium on
Relativistic Astrophysics (invited talk) bs3b66h 900 33103

“Hydrodynamic and Magnetohydrodynamic Turbulence”, Solar Conference “Our Mysterious Sun”,

bsdstron35cmmM

“Cosmological Consequences of Massive Gravity”, Beyond the Standard Model, Thilisi (italk)
bsgsHON390MmM

“Observational Signatures of Primordial MHD Turbulence”, TMB2017, ICTP, ltaly (invited talk)
0B S0

“Observational Signatures of Primordial Turbulence”, USA (invited talk/parallel session) s33
“Scale Invariant Helical Magnetic Fields and the Duration of Inflation”, PHENO2016, USA +33
“Cosmic Magnetic Fields”, summary talk for the Cosmic Magnetic Fields Session at Texas 2015
Symposium for Relativistic Astrophysics, Switzerland (invited talk) 83703303

“Evolution of Primordial Magnetic Fields”, NORDITA workshop “Cosmological Magnetic Fields:
Origin, Evolution, and Signatures”, Sweden (invited talk) 835005000

“Cosmological Consequences of Massive Gravity”, PHENO2015 symposium, USA (talk) s33
“Constraints on Magnetic Fields from Ly-alpha Forest”, ICTP workshop on “Cosmology from
baryons at high redshift”, Italy (ICTP senior guest scientist talk) o®somos

“Evolution and Observational Signatures of primordial Turbulence”, ICTP Workshop/School on
“Turbulence Mixing and Beyond”, Italy (plenary invited talk) o&scmos

“Cosmological Imprints of Massive Gravity”, PHENO2014 symposium, Pitt-PACC, USA (talk) s33
“CMB Sky at Large Scales: Imprints of New Physics (?)” ICTP workshop “New Light in
Cosmology from the CMB”, Italy (ICTP regular associate member talk) o@scmos

“Large Scale Anomalies: Magnetic Fields and. Massive Gravity”, CERN workshop on
“Cosmology and Fundamental Physics after Planck” (invited talk) 83303509

“Cosmological Magnetic Field Effects on CMB anisotropies”, Neighborhood workshop on
“Cosmology and Astrophysics”, USA (talk) »33
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