90/0:#&:2<1)0#12(&+<!$0%5!40//$5$0%5

nnN"#3%&!'#()* (+&!
-(./0+11&-2(3&-$4&/!"%5-$-6-(7!8",!

10th MATHEMATICAL PHYSICS MEETING: !
School and Conference on Modern Mathematical Physics

9 - 14 September 2019, Belgrade, Serbia




=6-/00.



=6-/00.
¥ Holography for QCD ( AdS/QCD)

¥ Holography for HIC ( H(&+<>"0%5!?0//$5f



=6-/00.
¥ Holography for QCD ( AdS/QCD)

¥ Holography for HIC ( H(&+<>"0%5!?0//$5f

¥ Results from holography for HIC:



=6-/00.
¥ Holography for QCD ( AdS/QCD)
¥ Holography for HIC ( H(&+<>"0%5!?0//$5f

¥ Results from holography for HIC:

Fits experimental data



=6-/00.
¥ Holography for QCD ( AdS/QCD)
¥ Holography for HIC ( H(&+<>"0%5!?0//$5f

¥ Results from holography for HIC:

Fits experimental data

Predicts new results



=6-/00.
¥ Holography for QCD ( AdS/QCD)
¥ Holography for HIC ( H(&+<>"0%5!?0//$5f

¥ Results from holography for HIC:

Fits experimental data

Predicts new results

¥ what IS special for NICA



=6-/00.
¥ Holography for QCD ( AdS/QCD)
¥ Holography for HIC ( H(&+<>"0%5!?0//$5f

¥ Results from holography for HIC:

Fits experimental data

Predicts new results

¥ what IS special for NICA



=6-/00.
¥ Holography for QCD ( AdS/QCD)
¥ Holography for HIC ( H(&+<>"0%5!?0//$5f

¥ Results from holography for HIC:

Fits experimental data

Predicts new results

¥ what IS special for NICA

"@'7!1A90/0:#&;2%$4!&;;:#0&42!-01B6&#.C:/60%!;/&53&!$%!2(&+<!$0%!40//$5$0%5D7!!

"@'70090/0:#&;2<")0#19(&+<!"0%5!?0//$5$0%5!&-1P9?1&%Q!R"?'D7ILHLI@KSTJIS



Few remarks on holography (AdS/CFT)



Few remarks on holography (AdS/CFT)

00/0:#&;2<$5!%0U&Q&<5!0%(10)!-2(1305-1())(4-$+(!
-00/5!-0'5-6Q<!!B6&%-631%0%>(B6$/$V#$E63!
' 2<5$4510)15-#0%:/<1$%-(#&4-$%:13&%<!V0Q<!5<5-(3



Few remarks on holography (AdS/CFT)

90/0:#&:2<1$51%0U&Q&<5!0%(10)!-2(1305-1())(4-$+('
-00/5!-0'5-6Q<!!B6&%-631%0%>(B6$/SVH$63!
' 2<5$4510)15-#0%:/<1$%-(#&4-$%:13&%<!V0Q<!5<5-(3

W2(5(15<5-(35!$%4/6Q(116/-#&#(/8&-$+$5-$412(&+<>$0
40//$5$0%57140/Q!&-03!5<5-(357!B6&%-6315$36/&-04
A6/-#8)&5-D!-(42%$B6/(5!$%!40%Q(%5(Q!3&-- (2@



Few remarks on holography (AdS/CFT)

0

90/0:#&:2<1$51%0U&Q&<5!0%(10)!-2(1305-1())(4-$+('
-00/5!-0'5-6Q<!!B6&%-631%0%>(B6$/SVH$63!
' 2<5$4510)15-#0%:/<1$%-(#&4-$%:13&%<!V0Q<!5<5-(3

W2(5(15<5-(35!$%4/6Q(116/-#&#(/8&-$+$5-$412(&+<>$0
40//$5$0%57140/Q!&-03!5<5-(357!B6&%-6315$36/&-04
A6/-#8)&5-D!-(42%$B6/(5!$%!40%Q(%5(Q!3&-- (2@

00/0:#&:2<!-#8%5/&-(5!-2(1:2<5$45!0)|B6&%-63!38%<!
5<5-(35!$%-0!&!Q6&/14/855$4&/1:#8+$-&-$0%&/!; #OV/(
5:8&4(>-$3(1U$-21&%6! (X-#8Q$3(%5$0% @



Few remarks on holography (AdS/QCD)



Few remarks on holography (AdS/QCD)
O#-&%-1 +(3(%-5!1$%!'Q,YZ7?|



Few remarks on holography (AdS/QCD)
T WAL 03, 07-800- 18 A2(+(3(%-51$%!I"Q, Y Z7?|

NVHEY65;0#-120()) $4$5(%-51$%!9%$: 21\W(3; (#&-6#(\&6: (IW2(0#$(5



Few remarks on holography (AdS/QCD)

WA (3. OF- &b TR ADH(+(3(%-51$%!'Q, Y £ 72|

NVHEY65;0#-120()) $4$5(%-51$%!9%$: 21\W(3; (#&-6#(\&6: (IW2(0#$(5

N(#-6#V &-$0%!-2(0#<1Q0(5%*-1#(;#0QB4(!(X; (#$3(%-&/!

'#%0/Q71100#(7!1&%Q!1&))(1IKF n 1

m— NS

sl

#$%&'()

NOIBA&S-#07!,0%7!,-&#$%(-57V



Few remarks on holography (AdS/QCD)

WA (3. OF- &b TR ADH(+(3(%-51$%!'Q, Y £ 72|

NVHEY65;0#-120()) $4$5(%-51$%!9%$: 21\W(3; (#&-6#(\&6: (IW2(0#$(5

N(#-6#V &-$0%!-2(0#<1Q0(5%*-1#(;#0QB4(!(X; (#$3(%-&/!

'#%0/Q71100#(7!1&%Q!1&))(1IKF n 1

m— NS

sl

#$%&'()

Il
NOIBA&S-#07!,0%7!,-&#$%(-57V Q .
S

47

"&HA2T)(-1&/7)_KHalb2$-(I KFaln$#9% (#!(-1&/a\6V5(#!(-1&/7! $#$-5$5!(-1&/7[@]8.%:



Few remarks on holography (AdS/QCD)

WA (3. OF- &b TR ADH(+(3(%-51$%!'Q, Y £ 72|

NVHEY65;0#-120()) $4$5(%-51$%!9%$: 21\W(3; (#&-6#(\&6: (IW2(0#$(5

N(#-6#V &-$0%!-2(0#<1Q0(5%*-1#(;#0QB4(!(X; (#$3(%-&/!

'#%0/Q71100#(7!1&%Q!1&))(1IKF n 1

m— NS

sl

#$%8&'()
i, )

NO/$A&5-#07!,0%7!,-&#$%(-57V il e i

S 4

“NRO#Y(//'N0-(Yo-$&  #(;#0Q64(5!/8--$4(!Q&-&!)0#!C(#0142(3$4&/!;0-(¢
"QHA2TI(-1&/7!_KHa!b2$-(! KFal"$#% (#!(-1&/aN6 V5 (#!(-1&/ 7" $#$-585!(-1&/7@]&%:



Few remarks on holography (AdS/QCD)
- OF-&Y0-] +(3(%-5!1$%!'Q,YZ7?|

NVHEY65;0#-120()) $4$5(%-51$%!9%$: 21\W(3; (#&-6#(\&6: (IW2(0#$(5

N(#-6#V &-$0%!-2(0#<1Q0(5%*-1#(;#0QB4(!(X; (#$3(%-&/!

'#%0/Q71100#(7!1&%Q!1&))(1IKF n 1

m— NS

sl

#$%8&()
i, 1
NOI$A&S-#07!,0%7! -&#$%(-57V il
S 41
“NRO#Y(//'N0-(Yo-$&  #(;#0Q64(5!/8--$4(!Q&-&!)0#!C(#0142(3$4&/!;0-(¢
"QHA2TI(-1&/7!_KHa!b2$-(! KFal"$#% (#!(-1&/aN6 V5 (#!(-1&/ 7" $#$-585!(-1&/7@]&%:
""" Ni6/-$;/$4$-< P&Y%Q&E!-2(0#<I#QY M ~ 5020

“71\0/6V-50+&7ILE Muocp ~ M (ge ! s



=6-/00.



=6-/00.

¥ Holographic anizotropic phenomenological
model

¥ Motivations for the model

¥ Physical properties of the model



=6-/00.

¥ Holographic anizotropic phenomenological
model

¥ Motivations for the model

¥ Physical properties of the model

¥What is special for non-zero chemical potential
¥What is special for anizotropic case



=6-/00.

¥ Holographic anizotropic phenomenological
model

¥ Motivations for the model

¥ Physical properties of the model

¥What is special for non-zero chemical potential
¥What is special for anizotropic case

"@'@7! @8&%%67!d9eMMLSKE!HNIKLSN!,



=6-/00.

¥ Holographic anizotropic phenomenological
model

¥ Motivations for the model

¥ Physical properties of the model

¥What is special for non-zero chemical potential
¥What is special for anizotropic case

"@'@7! @8&%%67!d9eMMLSKE!HNIKLSN!,

¥ Holographic in strong magnetic field
(anizotropic model)



=6#N\0&/!



=6#N\0&/!



=6#N\0&/!

¥ Holography B new type of phenomenology.



=6#N\0&/!

¥ Holography B new type of phenomenology.



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:

Fit experimental data via holography:



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:

Fit experimental data via holography:



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:

Fit experimental data via holography:



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:

Fit experimental data via holography:

WH&Y65;0#-140())$4%$(%-57!(-&Y57IW2(#38&/$c



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:

Fit experimental data via holography:

WHEY65:0#-140())$4$(%-571(-8Y57IW2(#38/5c¢
16/-$;/$4$-<Mltect-Photon Spectra,



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:

Fit experimental data via holography:

WHEY65:0#-140())$4$(%-571(-8Y57IW2(#38/5c¢
16/-$;/$4$-<Mltect-Photon Spectra,



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:

Fit experimental data via holography:

WHEY65:0#-140())$4$(%-571(-8Y57IW2(#38/5c¢
16/-$;/$4$-<Mltect-Photon Spectra,



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:

Fit experimental data via holography:

WH#&%5;0#-140())$45(%-57!(-&YS57'W2(#3&/$C!
16/-$;/$4%$-<Mitect-Photon Spectra,

Predict new data ( the form of Z?[\"2&5(![$&:#&3)



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:

Fit experimental data via holography:

WH#&%5;0#-140())$45(%-57!(-&YS57'W2(#3&/$C!
16/-$;/$4%$-<Mitect-Photon Spectra,

Predict new data ( the form of Z?[\"2&5(![$&:#&3)



=6#N\0&/!

¥ Holography B new type of phenomenology.
¥ Goal:

Fit experimental data via holography:

WH#&%5;0#-140())$45(%-57!(-&YS57'W2(#3&/$C!
16/-$;/$4%$-<Mitect-Photon Spectra,

Predict new data ( the form of Z?[\"2&5(![$&:#&3)

¥ What is special for NICA



-&#-$%:1:0$%-!>I1E>Q$3!1VE&4.:#06%C



-&#-$%:1:0$%-!>I1E>Q$3!1VE&4.:#06%C

*+"#",-./01-2"0-"3.4,,134."512,0612"67,"8910:";,4006<+"0:40":4,"
O:6l|:_<;|l_:ll$6:_<;6$Il#$%ll



-&#-$%:1:0$%-!>I1E>Q$3!1VE&4.:#06%C

*+"#",-./01-2"0-"3.4,,134."512,0612"67,"8910:";,4006<+"0:40":4,"
O:6lI:_<;ll_:ll$6:_<;6$Il#$%ll

>+"?-.-@<4A:13"<62-<;@<-/A"=.-9":4,"0-"<6A<-$/36"BC"12"D'E



-&#-$%:1:0$%-!>I1E>Q$3!1VE&4.:#06%C

*+"#",-./01-2"0-"3.4,,134."512,0612"67,"8910:";,4006<+"0:40":4,"
O:6":_<;ll_:ll$6:_<;6$II#$%II

>+"?-.-@<4A:13"<62-<;@<-/A"=.-9":4,"0-"<6A<-$/36"BC"12"D'E

F+"):6"-<26.."A-062014."40"G6<-"3:6;134."A-062014.":4,"0-"H6"<6A<-3/"
""""" .400136"$404



-&#-$%:1:0$%-!>I1E>Q$3!1VE&4.:#06%C

*+"#",-./01-2"0-"3.4,,134."512,0612"67,"8910:";,4006<+"0:40":4,"
O:6":_<;ll_:ll$6:_<;6$II#$%II

>+"?-.-@<4A:13"<62-<;@<-/A"=.-9":4,"0-"<6A<-$/36"BC"12"D'E

F+"):6"-<26.."A-062014."40"G6<-"3:6;134."A-062014.":4,"0-"H6"<6A<-3/"
""""" .400136"$404

1+"):6"4301-2":4,"0-"H6"=-/2$"HJ"K0<14."42$"6<<-<";60:-$L



-&#-$%:1:0$%-!>I1E>Q$3!1VE&4.:#06%C

*+"#",-./01-2"0-"3.4,,134."512,0612"67,"8910:";,4006<+"0:40":4,"
O:6ll:_<;ll_:ll$6:_<;6$II#$%II

>+"?-.-@<4A:13"<62-<;@<-/A"=.-9":4,"0-"<6A<-$/36"BC"12"D'E

F+"):6"-<26.."A-062014."40"G6<-"3:6;134."A-062014.":4,"0-"H6"<6A<-3/"
""""" .400136"$404

1+"):6"4301-2":4,"0-"H6"=-/2$"HJ"K0<14."42$"6<<-<";60:-$L

M+"N:40"1,"4"KH6,00"MP$%$1;"H43Q@<-/2%$R



E>Q$3!'%$50-#0:$4!f&4.:#06%Q)!



E>Q$3!'%$50-#0:$4!f&4.:#06%Q)!

512,0612P%$1.40-2P09-PS4T96.." ‘Q'@7! @!8&%%67d

& R, B, 1 '




E>Q$3!'%$50-#0:$4!f&4.:#06%Q)!

512,0612P%$1.40-2P09-PS4T96.." ‘Q'@7! @!8&%%67d

& R, B, 1 '

dSZ — Lb(Z) |

1
| 2 2 2 2 2
i g(z)dt” + dx“ + R(z)(dyf + dy5) + o) dz

o=0¢(z), AV =Az)0,  F2) =qdy' ndy?



E>Q$3!'%$50-#0:$4!f&4.:#06%Q)!

512,0612P%$1.40-2P09-PS4T96.." ‘Q'@7! @!8&%%67d

&° ' 1 |
S = / . \/— det(gw) R - @ F(Ql) — @ F(QQ) - § N¢au¢ o V(¢)

| g(z)dt* + dx? + R(z)(dyZ + dy3) + le)dz2

o=0¢(z), AV =Az)0,  F2) =qdy' ndy?

Y1 y = (Y1, Y2
Schematic picture of /\ ' ¥ = (Y1, 92)
central HIC ‘

\ Yo

. X — beamer line




Anisotropic thermalization

"DCU"1,"3<6406$"4=06<""V6<J",:-<0"01;6"4=06:
3-.. 1, 1- 21 Ot fppfenmmmmnin 42§ (11 M427

-<0"01:6"0 < Tiherm < T < Tiso
):6"01;6"-=".-34..J"1,-0<-A1G401-2"1,"4H; 0% rm/c

M. Strickland, 1312.2285 [hep-ph]



9(&+<!"0%5!70//$550%5!$%!90/0:#&;2%4!";;#0&42G!!

5204.1U&+(5!40//$530%5!$%!E>Q33(%5$0%!!



9(&+<!"0%5!70//$550%5!$%!90/0:#&;2%4!";;#0&42G!!

5204.1U&+(5!40//$550%5!$%!E>Q$3(%5$0%!!
S = /d5a: Il ( gl + A — —8M¢8Mq5 - 1e’\ F(22)>

- > ( dt> + da?’

2 2/V(

dyl

Shock domain walls/planar shocks collision:

ENTROPY

2G,

M = ——(87G5) " (14Y) g5

dy3) dzz)

"7N\0/6V-50+&7!d9e” LI




9(&+<!"0%5!70//$550%5!$%!90/0:#&;2%4!";;#0&42G!!

5204.1U&+(5!40//$550%5!$%!E>Q$3(%5$0%!!
S = /d5a: Il ( gl + A — —8M¢8Mq5 - 1e’\ F(22)>

- > ( dt> + da?’

2 2/V(

dyl

Shock domain walls/planar shocks collision:

ENTROPY

2G,

To get MLHCNS

0.155(4)

M = ——(87G5) " (14Y) g5

dy3) dzz)

"7N\0/6V-50+&7!d9e” LI




9(&+<!"0%5!70//$550%5!$%!90/0:#&;2%4!";;#0&42G!!

5204.1U&+(5!40//$5$0%5!$%!E>Q$3(%5$0%!!
S = /d% 9] ( ]+A——8M¢8Mq5—

- > ( dt> + da?’

2 2/V(

dyl

Shock domain walls/planar shocks collision:

ENTROPY

2G,

To get MLHCNS

0.155(4)

dy3)

1

2
F<2>)
sz)

"7N\0/6V-50+&7!d9e” LI

M = ——(87G5) " (14Y) g5

v = 4.45



P0%:$-6Q$%&/>-#8%5+(#5&/1& %$50
10-$+8-0%G!16/-$;/$4$-<

14 SARAALY mm— { '
3 plop). INEL AR é:gntral Plot from PRLO16
3 ]
2 1270 cMs ¢ CMs B (ALICE).
T L7 oums o ATLAS ]
“% 1ol ¢ PHOBOS  +# PHOBOS h
o _2"F 4 ISR A PHENIX :
< v BRAHMS gf « s*1554°
8 PA(A),NSD * STAR
= ALICE % NAS0

ol + PHOBOS

i o

- T
4~ e o« 0103
2._

- I'r|| <0. 5
0_11111 | L1 l 1 1 ‘ 1 1 1

10 10° 10° 10“
\'sy (GeV)

MLHC N S().155



P0%:$-6Q$%&/>-#8%5+(#5&/1& %$50
10-$+8-0%G!16/-$;/$4$-<

141111] T TTT] T I

3 plop). INEL AR é:gntral Plot from PRLO16
5 O
%0 12__{:} CMS ¢ CMS B (ALICE)
~ - %/ UAS e ATLAS ]
“%10l-% PHOBOS + PHOBOS N
o2 4 ISR A PHENIX ' 0.25
< v BRAHMS of o 1554 M .
~ ~ S
8- pA(dA),NSD * STAR L P
= ALICE % NAS0
-+ PHOBOS E
6 o
i il
4~ - : 501032}
2._
i |r|| <0. 5
0 lllll | L1 l 1 1 ‘ 1 1 1
10 10° 10° 10“
\'sy (GeV)

MLHC N S().155



P0%:$-6Q$%&/>-#8%5+(#5&/1& %$50

14— |
S pp(pp), INEL AA, central
S ALICE m ALICE b
% 12~ cms ¢ CMS
~ -V UAS5 e ATLAS
’\510“_% PHOBOS + PHOBOS |
a - A ISR A PHENIX
2 | v BRAHMS &f « %59
8 pA(dA), NSD x STAR
ALICE % NASO

- + PHOBOS

10- $+& $O%G'16/ $;/$43-<

Plot from PRLO16

(ALICE).

MLP N 80'25

Mapy ~

Mrogc ~ s

80'33

0.155



P0%:$-6Q$%&/>-#8%5+(#5&/1& %$50
10-$+8-0%G!16/-$;/$4$-<

MAG NMLHC ~ S

14 TII TTI {
S pp(pp), INEL AA, central
S 1oL ALICE m ALICE N
% & CMS ¢ CMS
~ -V UAS5 e ATLAS
’\510_% PHOBOS + PHOBOS a
a A ISR A PHENIX 1
< v BRAHMS &f « s*1554)°
8 pA(dA), NSD * STAR
ALICE % NA50
o + PHOBOS
u @ i
: - i
4,_ i 80'103(2)—*
2._
- |n|<05
0”11 | ol \ ! 1
10 10° 10° 104
\.'sNN (GeV)

Plot from PRLO16
(ALICE).

MLP N 80'25

MGPY N 80.33

0.155



P0%:$-6Q$%&/>-#8%5+(#5&/1& %$50
10-$+8-0%G!16/-$;/$4$-<

14 TTT] T TTT] |
S pp(pp), INEL AA, central
S 1oL ALICE m ALICE N
% & CMS ¢ CMS
~ -V UAS e ATLAS
’\510_% PHOBOS + PHOBOS a
a A ISR A PHENIX ]
< v BRAHMS &f « s*1554)°
8 pA(dA), NSD * STAR
ALICE < NAS50
o + PHOBOS
- ..@- .
i A
4,_ i 80'103(2)—*
2._
- I'r||<05
011 | ol \ ! 1
10 10? 10° 10“
\.'  (GeV)

"7N\0/6V-50+8&
d9e” LE!

MAG NMLHC ~ S

Plot from PRLO16
(ALICE).

MLP N 80'25

MGPY N 80.33

0.155



Quark-Gluon Plasma (QGP): a new state of matter
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Thermodynamics
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