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Theory Supercalculations
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Three Generations of Matter

http://www.claymath.org/millennium/Yang-Mills Theory/ (1 000 000 $US)
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HeBblneTaHue uBeTa

(moyemy Mbl HE BUOUM CBODOOHbLIX KBAPKOB M MMIOOHOB?)

OcHOBHast CNOXHOCTb — OTCYTCTBME aHaNMTUYECKUX METOOOB AN onucaHus
TEOPUU CUMbHbLIX B3aMMOLENCTBUN, HO (Cynep)KoMMbTEPbl MOryT MHOroe
npeackasbiBaTh Ucxoas ua Jlarpanxunana KX

Cuna mexay
KBapKOM U
aHTUKBapPKOM
12 TOHH!!!

http://www.claymath.org/millennium



INTRODUCTION
Methods

* Imaginary time t—it

Z = |Dg expliSlgl} —> Z = [Dg exp{- S[]}

* Space-time discretization 1

Dy(x)= | ]dg, z = [ ldg, exp{- Sigl}

* Thus we get from functional integral the partition
function for statistical theory in four dimensions



INTRODUCTION

Typical values

Three limits

a ~0.1 fm
L ~2 4 fm
m, ~100 Mev

Lattice spacing

Lattice size
Quark mass
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Extrapolation

‘ +

theory

Chiral perturbation




SU(2) glue

Cuna mexay KBapkomM U aHTUKBAPKOM 12 TOHH!!!




SU(2) glue

AP-SU(2) FLUX-TUBE PROFILE
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SU(3) glue
Three body forces!

V(r,r,rn) #V(r-r)+V(n-r)+V(n-r)
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Masses of material objects is due to gluon
fields inside baryon

E =myc®  3m,/m,,, ~1/100
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Figure 9: The monopole part of the baryon potential at finite temperature in full QCD

as a function of Ly (T < T.) and La (T > T.), respectively, in units of (fad knows what.

In Fig. 9 we show the baryon potential on the 16% 8 lattice at 3 = 5.2 for several

values of 5. At this 3 value

T = exp(—2.81/k). (4.1)
Increasing # thus increases the temperature. We cross the finite temperature phase
transition at & = 0.1344 [14]. We see that the potential flattens off while we approach
III(: Irﬂ]]hil-i()ﬂ I)()i]lt. ][()\V(‘\ er, I]]EV (]iﬁ“d."(‘.(‘ﬂ we were HI)I(' to ]"‘U])(' are not IHT';_’;(‘
enotigh to make any statement about string breaking,.

To compute the action density p‘_‘fz and the electric field and monopole correlators
E:”‘) and k9 respectively, we need to reduce the statistical noise. Note that the
Polyakov loops span an area of & 16 x § lattice spacings. We do that by using
(‘f\l(’fl(l(‘(l U])(TTHIUTH

: L, ac : P L
,')'_‘F(.\] ﬂ,q{p'_‘?fx) + p'_‘{”)f.-e —i—-9-2)+ p'_‘f‘g(x —F—y)
8

(s =i =4 pP s —g— )+ pP s —8) (4.2)
+pP s =) + P s = 2)),
. | . . -
EP(s) ——{ER(s) + BE%(s — i - 1
sl =g : e (N, ' A] (4.3)
+ER(s =)+ ERs =)},
. [ : . .
i'”"(*s.p]—>_—){1..‘”"f'n\ﬂ1+?."”“"Vts—:).;z}}. (4.4)

where (again) we have assumed that the quarks lie in the (x,y) plane, and we call

the direction of the Polyakov lines the { direction.




SU(3) glue
Usually the teams are rather big, 5 - 10 -15 people

arXiv:hep-lat/0401026v1 arXiv:hep-lat/0401026v2
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Figure 9: The monopole part of the baryon potential at finite tem

as a function of Ly (T' < T.) and La (T > 1.), respectivelyfun units of God knows what.

In Fig. 9 we show the baryon potential on the 16° 8 lattice at 3 = 5.2 for several

values of 5. At this /4 value



2qQCD
String Breaking (DiK collaboration)
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Hadron Mass Spectrum
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Meson Summary Table ;

Baryon Summary Table

This short table gives the name, the quantum numbers (where known), and the status of baryons in the Review. Only the baryons with 3-
or 4-star status are included in the main Baryon Summary Table. Due to insufficient data or uncertain interpretation, the other entries in
the short table are not established as baryons. The names with masses are of baryons that decay strongly. For N, A, and = resonances, the

See also the table of suggested gg quark-model assignments in the Quark Model section
« Indicates particles that appear in the preceding Meson Summary Table. We do not regard the other entries as being established.
1 Indicates that the value of J given is preferred, but needs confirmation.

LIGHT UNFLAVORED STRANGE BOTTOM partial wave is indicated by the symbol Ly »;, where L is the orbital angular momuntum (S, P, D, ...), / is the isospin, and J is the total
- f(fs) =C+8=0) o) (§=+1,C= B; (}u)} (6= 'Ll),cupq angular momentum. For A and I resonances, the symbol is Ly 2.
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Y. Kuramashi Lattice 2007

lwasaki gauge action +
clover quarks
a-1)=2.2GeV,
lattice size: 32”3 x 64
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29QCD (2+1)QCD

Wilson non-perturbatively improved Fermions
"WORKING HORSE" of lattice QCD calculations
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Finite Temperature
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Tc ~ 170 MeV
T

early universe
%LICE quark-gluon plasma

X RHIC

crossover <yy>~ 0
quark matter
<yy>>0
crossover
hadronic fluid , — ]
superfluid/superconducting
° phases ?
ng= 0 n >0 2SC  <yy>50 CFL
vacuum nuclear matter neutron star cores
n~ 922 MeVv
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Summary of recent results on T..

early universe

T [MeV]

160 180
1 |

200

use T=0 scale: r0=0.469Tm

——

V.G. Bornyakov et al, POS Lat2005, 157

{improved Wilson, Nt=8, 10; input: r0=0. <yy>>0
{added Nt=12, Lattice'07}

Y. Maezawa et al., hep-1at/0702005 (QM =0 '\ n>0

{improved Wilson, Nt=4, §; input: m-rhet vacuum

& chiral B deconfinement

. chiral+deconfinement

XALICE quark-gluon plasma
X RHIC

Tc~ 170 MeV crossover

T

(rescale hadronic fluid

nuclear matter

<yy>~0

quark matter

crossover
—

superfluid/superconducting

/ phases ?
28C  <yy>50 CFL

neutron star cores

ino cont B~ 922 MeV

C. Bernard et al., Phys.Rev. D71, 034504 {(2005)
{improved staggered (asgtad), Nt=4,5.8, input r1}

(rescaled to r0)

M. Cheng et al., Phys.Rev D74, 054507 (2006)
{improved staggered (p4}, Nt=4,8; input 10}

Y. Acki et al., Phys. Lett. B643, 4G (2006)
{staggered (stout), Nt=4,6,8,10; input fiK}

{converted to r0)

= Karszlb. Labllze 2007, Hzosnsburs Juw 2007 - o 052



RHIC

relativistic heavy ion collider

2qQCD(2+1)QCD

A Head-On Gold-Gold Collision as seen by STAR
A Virtual
Tour of the
Relativistic
i Heavy Ion
_ 5 ") Collider

The
Collision
Wos

Here




Tc ~ 170 MeV
T

early universe
>(’\LICE quark-gluon plasma

X RHIC B
crossover <yy>~0
quark matter
<yy>>0
crossover
hadronic fluid i — ]
superfluid/superconducting
° phases ?
ng=0 n >0 28C  <yy>50 oy
vacuum nuclear matter neutron star cores
n,~ 922 Mev

A Head-On Gold-Gold Collision as seen by STAR

Charged Particle
Trajectories




Lattice gluodynamics at strong
magnetic fields

P.V.Buividovich (iTEp, Moscow, Russia and JINR, Dubna, Russia),
M.N. Chernodub (LMPT, Tours University, France and ITEP, Moscow),
E.V.Luschevskaya (1ITer, Moscow, Russia and JINR, Dubna, Russia),
M.1 .Polikarpov (ITEP, Moscow, Russia)

ITEP .
— | attice

| use a lot of slides made by
M.N. Chernodub and P.V. Buividovich and some made by D.E. Kharzeev



m Strong magnetic fields in heavy ion collisions
U 1 Lattice simulations with magnetic fields

U 1 Chiral Magnetic Effect [generation of the
electric current of quarks directed along the
magnetic field]

U 1 Chiral symmetry breaking
U 1 Magnetization of the vacuum

"1 Electric dipole moment of quark along the direction of the
magnetic field



Magnetic fields in non-central collisions
[ Fukushima, Kharzeev, Warringa, McLerran '07-’08]
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Magnetic fields in non-central collisions
[ Fukushima, Kharzeev, Warringa, McLerran '07-’08]

Reaction
plane

X (defines ‘¥y)



Magnetic fields in non-centralZ@pllisions

" Z f
Reaction ¥ s

plane

" Charge is large
Velosity is high

Thus we have
two very big
currents

X (defines ‘¥y)
The medium is fil®® by electrically charged particles
Large orbital momentum, perpendicular to the reaction plane

Large magnetic field along the direction of the orbital momentum



Magnetic fields in llisions
Reaction y " Two very big
plane | currents

(*PR)\

produce a very

big magnetic
field

X (defines ‘¥y)
The medium is fi by electrically charged particles
Large orbital momentum, perpendicular to the reaction plane

Large magnetic field along the direction of the orbital momentum



Comparison of magnetic fields

T T

s The Earths magnetic field 0.6 Gauss

A common, hand-held magnet 100 Gauss

The strongest steady magnetic fields 4.5 x 10° Gauss
achieved so far in the laboratory

The strongest man-made fields 10" Gauss
ever achieved, if only briefly

Typical surface, polar magnetic 10" Gauss
fields of radio pulsars

Surface field of Magnetars 10" Gauss

http://solomon.as.utexas.edu/~duncan/magnetar.html

Off central Gold-Gold Collisions at 100 GeV per nucleon
eB(t=02fm) = 10°~10* MeV’>~10" Gauss




Magnetic forces are of the order of
strong interaction forces

first time in my life | see such effect

A2
eb ~N,ep



Magnetic forces are of the order of
strong interaction forces

first time in my life | see such effect

W A2
eb ~N,ep

We expect the influence of magnetic field on
strong interaction physics



Magnetic forces are of the order of
strong interaction forces

first time in my life | see such effect

W A2
eb ~N,ep

We expect the influence of magnetic field on
strong interaction physics
The effects are nonperturbative,
it is impossible to perform analytic calculations
and we use

Lattice Calculations



Virtual quark loops are
absent (quenching)

f/ F:JLFY},L, Gu\)

* External quark
_____ Virtual gluon

<y I'y>T=lLy,o0,

H external magnetic field




Virtual quark loops are
absent (quenching)

f/ F:JLFYM, Gu\)

* External quark
_____ Virtual gluon

H external magnetic field




Quenched vacuum, overlap Dirac
operator, external magnetic field

0
eB = Z‘fk . ¢B =250 Mev



Chiral Magnetic Effect

| Fukushima, Kharzeev, Warringa, McLerran '07-'08]

Electric current appears at regions
1. with non-zero topological charge density
2. exposed to external magnetic field

Experimentally observed at RHIC :
charge asymmetry of produced particles at heavy ion
collisions



Chiral Magnetic Effect by
Fukushima, Kharzeev, Warringa, McLerran

1. Massless quarks in external magnetic field.

Red: momentum Blue: spin
B i i
- Reaction

plane

1 X (defines ¥y)



Chiral Magnetic Effect by
Fukushima, Kharzeev, Warringa, McLerran

1. Massless quarks in external magnetic field.

Red: momentum Blue: spin
B i i
‘ b




Chiral Magnetic Effect by
Fukushima, Kharzeev, Warringa, McLerran

2. Quarks in the instatnton field.

Red: momentum
“ Blue: spin

g Effect of topology:
d, —dg
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Chiral Magnetic Effect by
Fukushima, Kharzeev, Warringa, McLerran

3. Electric current along magnetic field
Red: momentum

Blue: spin
@ Effect of topology:

dL — dR
@ u-quark: q=+2/3
d-quark: q=-1/3
3



Chiral Magnetic Effect by
Fukushima, Kharzeev, Warringa,

McLerran
3. Electric current is along
magnetic field
In the instanton field

“ Red: momentum
@ Blue: spin

Q #0@ Effect of topology:

“w U _— Ug

@ (| G, -

u-LquarE: q=+2/3

1 2 |

5 d-quark: q=-1/3



Topological charge density in
gquantum QCD vacuum has fractal structure




Topological charge density In
quantum QCD vacuum has fractal structure

In guantum vacuum we expect
big fluctuations of charge squared

<j, >=0; < ji>#0;




Chiral Magnetic Effect on the lattice,
charge separation

Density of the electric charge vs. magnetic field




Chiral Magnetic Effect on the lattice,
electric charge density,
effect of magnetic field increasing




Chiral Magnetic Effect on the lattice,
Non-zero field, subsequent time slices

Electric charge density




Chiral Magnetic Effect on the lattice, numerical
results nearzero
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0

<ji >p=<ji(H,T)>- <j;(0,0)> j, =y



Chiral Magnetic Effect on the lattice, numerical

T =0
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Chiral Magnetic Effect,
EXPERIMENT VS LATTICE DATA (Au+Au)

Latticedata -~ o i
25 | STAR data (prelim.) &
e 2
N
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+I .| §
= A
m L
= 0.5 . N i E
0o & e []

_05 \ \ \ \ \ \
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frac. most central
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Chiral Magnetic Effect,
EXPERIMENT VS LATTICE DATA

No Np

|_L

NQ

=1 9=1 experiment
R ~5 fm

— ] g +a__ — 2a+_ © ~0.2 fm

a

| our fit ||T ~] fm

our lattice data at T=350 Mev




Preliminary results:
conductivity of the vacuum

Qualitative definition of conductivity 1
<J.(%)j,(y)>=C+A -expi-m|x- y|}

oo (C



Preliminary results:
conductivity of the vacuum

P (0)

- conductivi
4T ty




Preliminary results:
conductivity of the vacuum

Conductivity at T=0

200 ‘ ‘ 4 T T
180 L Gzz, a=0102 fm’ 144 .
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160 | G5, @ = 0.089 fm, 16 E
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Lessons from computer calculations

1. In the vacuum of QCD we observe the charge separation in the strong magnetic
field, the topological structure is complicated

——7

2. We can explain the experimental data, but the growth of asymmetry is due
to the kinematical factor, and is not related to the growth of the magnetic field

‘ "Lattice data —e— i
STAR data (prelim.) =4 !

10% (a,, +a_-2a,)

&
) = ¢
of’f; g L

3. The larger is the quark mass the ¢~ @ ot 02 9 04 05 05 o thys it is important to

frac. most central

measure the asymmetry for mesons containing S and C quarks



2. Chiral condensate in QCD

2 =- <Yy >

2 r2 —
mﬂ'fﬂ' _mq <I/j2/j >



E Ge\/3

Chiral condensate vs. field strength

0.14

0.12

il

0.08 T=3,(1+eB/Ag 3 P

Z a=0.103 fm, 14 =y

0.06 - $ a=0.089 fm 16
a=0079fm 18% —e—

0.04 -

0 2 4 6 8 10

e B, GeV

12

eB

» Our value for Ag:

AN=(1.41 +£0.14 + 0.20) GeV

» PT result:

Ny T=1.96 GeV
AT =1.36 GeV

(Fr =130 MeV — real world)
(Fr = 90 MeV — quenched)

» Chiral condensate at B = 0: £'=[(310 4 6) MeV]®

We are in agreement with the chiral perturbation

theory:

the chiral condensate is a linear function of

the strength of the magnetic field!



3. Magnetization of the vacuum
as a function of the magnetic field

Spins of virtual quarks turn
Ll parallel to the magnetic field

fm, 14j alQ —e—
fm 16 alQ —&%—

fm, 14% Q= 1
) e B (linear fit)

1:8 2 2.5 3

e B, GeV?
<170'a/3,1/j >=y <Yy >Fa/), <Yy >y =-46(3)Mev <> our result
1 <Yy >y ~-50Mev <> QCD sum rules
Tup =5 1Y, Y] (1. Balitsky, 1985, P. Ball, 2003.)




4. Generation
of the anomalous quark electric dipole moment
along the axis of magnetic field

O, =iy, ¥y

1.4 -
1.2 -

%)

0.8 -
0.6
04 |
02

C(p5, 9




Results arXiv:0909.1808

1. We obsreve signatures of the Chiral Magnetic Effect, but the

physics may differ from the model of Kharzeev,
(arXiv:0907.0494, Phys.Rev.D79:106003,2009 )

2. We observe that the chiral condensate is proportional to the
strength of the magnetic field, the coefficient of the
proportionality agrees with Chiral Perturbation Theory.
Microscopic mechanism for the chiral enhancement is the
localization of fermion modes in the vacuum (arXiv:0812.1740,
Phys.Lett. B682(2010)484)

3. The calculated vacuum magnetization is in a qualitative
agreement with model calculations (arXiv:0906.0488, Nucl.Phys. B
826 (2010) 313)

4. We observe very large
(arXiv:0909.2350 )



Conclusions

1. We observe charge separation, but the
physics may differ from the model of Kharzeev,

2. The charge separation is weaker for heavy
quarks, thus it is Interesting to measure in
experiments charge asymmetry for S and C
quarks

3. The strong magnetic field exists only very

short time [I 1 fm still it can influence physics of
strong interactions

central collisions & noncentral collisions



THEORY

To explain

We have to prove in gluodynamics that

<W(C)>=<Tr Pexp{cj}'Aﬂdxﬂ} >oc expi{- O -Area}
C




SU(2) gauge theo

J.Ambjorn, J.Giedt and J.Greensite, JHEP 0002 (2000) 033. A.V.Kovalenko, M.l.Polikarpov, S.N.Syritsyn and V.l.Zakharov,
Phys. Rev. D71 (2005) 054511; Phys. Lett. B613 (2005) 52; Ph. de Forcrand and M. Pepe, Nucl. Phys. B598 (2001) 557.

Monopole current
(closed line in 4D)




Linking number




SU(2) gauge theo

(what we see on 3d slice of 4D lattice)

Monopole current
(closed line in 4D,
point in 3D)




THEORY

All information about confinement, quark
condensate and any Wilson loop is encoded

In 3d branes\




THEORY

Chiral symmetry breaking and topological susceptibility
Is due to low-dimensional regions

Time slices for 05, 0,(x) =y, ()Y, (x)

IPR=5.13 IPR=1.45
chirality=-1 chirality=0




| Instead of Conclusions

ﬂ Computer simulations a) reproduce well known hadron

properties b) predict new phenomena c) help to create new
theoretical ideas.

@ Low dimensional objects (regions) are responsible for most interesting
nonperturbative effects: chiral symmetry Dbreaking, topological
susceptibility and confinement.

@The era of traditional quantum field theory (Feynman graphs, perturbation
— ¥ theory) is over, nonperturbative field theory is close in spirit to solid state
theory; we have to study dislocations, fractals, phase transitions etc.




[Tpemna PO no Hayke U TeXHUKe
Ona MonoAdbiX yY4eHbIX

3a 2007 ron

3a YncreHHoe moaenupoBaHue asoBoro
nepexona B KBapK-rntOOHHOW nnasme ¢
MCMONb30BaHNEM TEXHOSOMU

NnapariielibHbIX CynepKoMnbroTepoB

NMPUCYXOEHA
acnupaHmam MO TU

[1.6ouko, A.KosaneHko, C.Mopo308







M®TU, ®0MND,
Kadeapa TeopeTnUecKkoil acTpopusnKn U npobnem TepmosigepHoin prnsmnkm
HOBas cneuuanusauus: KBAHTOBas rPpaBMTaLMA N KaNM6poBOYHbIe Mo

) baza - NT2®
Kypsi H330RbrHAKUMMMBLIE CTYAEHTBI M aCNMPaHTbI BCeX BY30B AJ15 npeas|

nm
[ Jucuunauaa | Ilpenonasarensn |
11 icypc (4 cemectp)
Tceopus rpyriin u npeacTasicnnii Onuanciucnii
BBc/cHIC B COBPEMCHIYIO TCOPUIO MOJIs Illceucniko. [lonukapion
111 xcypc (5 cemectp)
BicAcHIC B PUINKY SICMCHTAPHBIX TacTHIL JManuion. Mu3srox
Breacnue B actpoduanKy PIMIneHHMIK,
ManykoBckmii
KilaccutecKie pelicins B TCOPUN 1o Copcrumii, 3axapon
111 xcypc (6 cemecTp)
OoTO Kanuconn
Crarncruucckas o6paboTKa AaHHBEIX Hozmic
KilaccuHecKie pelicHmus B TEOPHM 1101 Copckuii. 3axaposn
HIP Pyxoronmrenn HITP
IV icypc (7 cemectp)
HeMHeiHeIe CHOTEMBT OnbIuancKmiis,
3aGponnn
o T o Fioponcr: FMIOOHHbIE NMONA B NPOTOHE
J1Or1. 11aBLl KBANTOBONH MEXAaNMKH Flapoaciuciii
HUP PyoBoanTenn HITP
IV icype (8 comcerp) Pacuyetbl Ha cynepkomMnbioTepax konna6opauuu [OE3U(FepmaHus) -
Crarncruacckas Teopus rosis IMonnkaprion
T ——— - UTID(Poccus) -  KaHaosn~/Gmauws)  Mavnosin  ssssiscs;anaag
T PP V(#5,75,73) V(5 - )+ V0s - )+ V05 -
CPCHOPMHPOBKH B TCOPHN 0I5 azaxon
Eizig P o T KD pyHOAaMeHTanNbHbIX TPEXYAC 1 MHHbIX Lnii
V xcypc (9 cemectrp)
FICHopTyDOATHEIEIS MOTONET B KBANTOROH TEOPHI TomA Saxapon. Ilesuemnso 3ayem Hy)XHa HoBas cneuvanusaums?
Brejienne » 1eOpIIo 1Py Hocen Ba nocneanue 20 neT oBnacTh Hayku, KOTOPYIO ODLINHO HA3LIBAOT (PUINKOW BLICOKMX SHEPTMM WIMNM KBAaHTOBOW Teopuen Nons ulunu Teopueu
DIleKTPOCHAGhIC B3ANMOICHCTRI Bricoriukuit
P Pykosoaurenn HUP bnemMeHTapHbIX 4acTtuu, npertepnena p YueHble WWYT He TONbKO HOBbLIE 3NEeMEeHTapHble YacTulbl, HO U HOBbI€
V xypc (10 cemecrTp) ‘OCTOAHUA BelecTBa Npu OYeHb 6onbLmx JHeprusax, U Aaxe NbITAalOTCA MNOHATb, KaK OTNIUYaeTCsA reoMeTpusi NPOCTPaHCTBa B MUKPOMUpE OT)
OCHOBBI PSJISITUBHUCTCKON acTrpodmusnku Bannuuxos C. H. PUBLIYHOTO HaM YeTbipexmMepHoro npocTpaHcTBa. HoBble 3agaun noTpe6GoBany HOBbIX METOAOB M HOBbIX cnoco6oB onucaHus. Tenepb
ZlyasibHbIe CTPYHHLIC MOISIIN ;Z‘X"‘p“"- :—;"pc"”" BaHTOBas TEOPUS MOMA — 3TO ewe M Teopus ¢ha30BbIX NEPexXOAoB, TEOPUS KBAHTOBOW MHMOPMaUWUM, 3TO 3INeraHTHble reomeTpuveckue|
;. axapos, ILIeBueHKO, " o
HeneprypGaTHBHBIC METOAL B KBAHTORONH TEOPHM 110151 I lomfmapnon OHCTPYKLIMM B UCKPUBMEHHLIX MPOCTPAHCTBaX BhiClel pa3mepHocTh (D>4) u husnka YepHbIX AbIp. C Pa3BUTMEM KOMNLIOTEPHLIX TEXHONOUIA Bee|
HIP Pyiosonuresnn HIP awe pAoporve M MacwTabHble IKCMEPUMEHTLI 3aMEHSIIOTCS PAacyeTamMu Ha MOWHLIX CynepkoMnbloTepax. TONbko C  nosiBReHuem
yNepKoMNbLIOTEPOB YAANoch NONYYMTL CNEKTP Mace aApoHOB U3 narpaHxuaHa CTaHAapTHOM Mofeny U NpeackasaTh CBOMCTBA HOBOFO COCTOSIHUS
BelecTBa - KBapK-IMIOOHHON NNa3smbl. 3TO COCTOsIHME BewWecTBa MOXET 6biTb B CT T sAep M oveHb aKTUBHO
JlekTOopbl — aKTUMBHO paboTtarowme cneumnanucTtbl B obnactu ay4aeTcs B Tax.
ANeMEeHTapHbIX YaCcTUul, KBAHTOBOU TEOPUUN NOJNA, aCTDOd)I/I:’MKVI neuvanusauus "KBaHTOBas rpaBuTauMa W KanuGpoBOYHbIE Teopuu nons" cA AnsA noa|

PGNacTu TeOpPeTUYeCKOn U MaTeMaTU4ecKon O AaHHON ByAeT TeopeTUYECKOe U YUCIIEHHOE|
ICCrieAoBaHNe KBAHTOBbIX CUCTEM C CUITbHLIM B3aUMOAENCTBMEM, B 4aCTHOCTH, FPABUTALMOHHBIX W FITHOOHHBIX None.

BaHTOBasA X Ha cer W AeHb — 3TO Teopusa WCTBUK, KOTOpas B|
4GTHOCTH, NPOTOH, HEWTPOHbLI M NUOHLI. OAHAKO, 3Ta TEOPUA AOCTAaTOYHO XOPOLWO M3yYeHa TONbKO B 0GNacTM BbLICOKMX 3Hepruii. Camble ke
H n cy — TaKue, KaK «COBUpPaHMe» KBapKOB B MNPOTOHbLI U HENTPOHBI — NPOUCXOANAT NPN HU3KMX IHEPrusX. ITo|

FEneHne A0 CUX NOP HE NOMYYMNO CBOEro aHANIMTUYECKOro OBLACHEHHS, HECMOTPR Ha TO, YTO Teopus B: NCTBUIA Bbina

ou4TH 40 net Ha3aa! ATa TaK Ha: Ta» ABNsieTcA oaHON U3 15 Tak Ha «3apad Ti TUS», 32
@KAOW M3 HUX Ha: B oauH o aToin TpyaHo b, Y4UTbIBasA, 4TO

B: MUCTBUA O T cun. B HacTosiwee Bpems W meTon 7] preT
RBNeHN B (M3NKe aAPOHOB — 3TO YUCMEHHBLIE PacyeTkl Ha CynepKoMmmbioTepax. * meToab! cuctem 6yayT

LIEPHbIE nblpbl ABNATLCA OOHUM M3 " B HOBO
- [ipyroi dy W AIBNAETCA nocTp Teopuu KBaHTOBOW rpaBuTaumu. Bes W Teopumn

OKa3anucb He TONbKO BaXXHEWLWMMM OOGBbeKTamMuM B KOCMONOruu z P Ablp. Yenexu B " actp B TeueHue 0 AecATUneTUs yGeanTenbHo

uTO yep AbIpbl y NPUCYTCTBYIOT B COBPEMEHHOI KOCMOMNOrUM M ANs UX AETanbHOr0 MUKPOCKOMUYECKOTO|

HO TaKXe UueHTpanbHbIMXA NOHATUAMU B COBPEMEHHOﬁ KBaHTOBOM bRMCaHUs TPEBYIOTCA HOBbIE NOMIXOAb! K TEOpUM FpaBUTaLMM.

BameyaTenbHbIi Nporpecc, AOCTUIHYTLIA Npy Teopuit B 10 neT, 6bIN OCHOBaH|
a 06HapYXXeHUM CBA3M TeOPUN KBaHTOBOW rpaBuTaLMN ¢ [o] ay b no-|
IOBOMY B3rMSIHYTb Ha Np: y ] Ta, Kak c " p! Ablp. 3TO 7]
joXanyW, ABNSIeTCA OAHUM U3 OypHo  TeopeTuyeckoi ¢unke, NO3TOMy Heo6xoAMMO BBeA€HWUE KYpCOB,|

CTYAEHTOB 1 NOAroTOBKOW.

azsutue Qy P ,qecﬂrunemﬁ npoaemMoHcTpupoBano BaXHOCTb COBpPEMEHHbIX MeTOoAOB
aTemaTuyeckoin ¢ P 2] 7 yrouy cuctem. B YaCTHOCTHU, UCKNHOYUTENbHO
OBPEMEHHBIX AOCTUXEHU B obnactn Tononoruy, Teopun rpynn, anreSpaVNecxou reomMeTpun, TEOPUN HENUHEWHbIX U WHTErpUPyeMbIX CUCTEM.|
anuune B UTI®e oB no mMaTtemaTuyeckon d Y0 MaTeMaTU4eckKyHo|
IOAArOTOBKY B paMKax HOBOW creuuanusaumm.

FMOOHHLIE NONA B ME3OHE S&‘n“é‘,?e..ﬁﬁ""a":‘:,'c‘n;i":’:?SESF:eT"of.IfIf““ ocTH akTHBNO npN ,, KBRHTOBLIX (PaSOBAIX 1OPEXO0S, B HACTHOGTH B TEOPHM
noj_l;' Me)KAy KBapKOM M aHTMKBapKOM c03na|OT pad)eua, n 'reopvm CBernpOBOAMMOCTM MeTOI:lI:I KBaHTOBOMN rpaawrauvm B Yyucne nony4nuTb HOBbIE|
cuny 14 TOHH, 3a o6bsiCHEHUe 3TOro ABNeHUA
Ha3HaveHa npemus US$ 1 000 000, cm.
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