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Kvarkovo-gluonova plazma
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Kriticke podmienky

Kriticka hustota energie: vnutro protonu
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Kriticke podmienky

Kriticka hustota energie: vnutro protonu

m02

E = 7 — 1032 J.m_3

T.=2 000 000 000 000 K

pre porovnanie:
1 cm3 QGP =10 000 000 000 000 TWh
rocnha produkcia Slovenskych elektrarni = 23 TWh
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QGP v laboratériu: jadrové zrazky

Simulacia zrazky Au+Au pri 200 GeV na nukledn (urychlfovac RHIC v BNL)

kineticky vypocet: kaskadovy generator UrQMD (len hadrénova faza, ziadna plazma)
animacia: Jeffery Mitchell (Brookhaven National Laboratory)
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CERN: zrazanie tazkych ionov






Experiment ATLAS













Vlastnosti kvarkovo-gludénovej plazmy

* AKy ma tlak pri istej teplote”?
* AkU ma viskozitu?
* Ako sa sformuje?

* Aku teplotu dosiahne?
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Rozpinanie kvarkovo-gluonovej plazmy
0,T" = J"

TH = THY + 1"

15" = (e + p)u"u” — pg"”

I = A (Vau® + 1V
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Rozpinanie kvarkovo-gluonovej plazmy

rid.f

DEExEs %¥0RE
0

if(over.eq.1 .and.under.eq.1)then
call fillcubel(i,j, k,hyperstep,e,elast,HyperCube)
Ngp = COUNT (HyperCube.ge.CTParan(64))

call Cornelius(CTParam(64),HyperCube,Ngp,dSigna,Nsurf,Vnid,
& dthyper,dxh, dxh,dxh,Nambi,Ndisc)

chp interpolate values on hypersurface and write them to hypersurface array

call fillcubel(i,j,k,hyperstep,n,nlast,Hypern)

call fillcube(i,j,k,hyperstep,vx,vxlast,Hypervx)
call fillcubel(i,j,k,hyperstep,vy,vylast,Hypervy)
call fillcube(i,j, k,hyperstep,vz,vzlast,Hypervz)

to=t

x8=(float(i)-float(ngr)=.5-.5)*sngl(dx)
y8=(float(j)-float(ngr)=.5-.5)=sngl(dx)
20=(float(k)-float(ngr)=.5-.5)=sngl(dx)

DO ii=1,Nsurf
Hypert=t®+Vmid(®,ii)
Hyperx=x@+Wnid(1,ii)
Hypery=y@+Wnid(2, ii)
Hyperz=z8+Vmid(3,ii)

enid= Quadrilinear(Vmid(:,ii),HyperCube,dthyper,dxh,dxh,dxh)
nmid = Quadrilinear(Vmid(:,ii),Hypern,dthyper,dxh,dxh,dxh)

Vxmid = Quadrilinear(Vmid(:,ii),Hypervx,dthyper,dxh,dxh,dxh)
Vymid = Quadrilinear(Vmid(:,ii),Hypervy,dthyper,dxh,dxh,dxh)
Vzmid = Quadrilinear(Vmid(:,ii),Hypervz,dthyper,dxh,dxh,dxh)

Tmid=Temp(enid, nmid)
mugnid=chen(enid, nmid)
musmid=schen(enid, nnid)
pressmid=press(enid, nmid)

c calculate net baryon density flow through surface
gannid=1.d0/sqrt(1.d0-Vinidwesx2-Vymidwes2-Vzmidws2)
unudsignu=gammid+=(dSigna(@, ii)+Vxmid«dSigma(1l,ii)

& +Vymid=dSigna(2, i1)+Vzmid«dSigna(3,ii))
bf Low=nmid=unudsignu=nd
tnn=(enid+pressmid)=gammid«+2-pressmid
tnx={enid+pressmid)=Vnid«gammid«=2
tny=(enid+pressmid)=Vymid«gammidw««2
tnz=(enid+pressmid)=Vzmid«gammid««2

ene=(dSigna(@, ii)=tnn+dSigmal1, ii)*tnx
+dSignal2, ii)*=tny+dSigmal3, ii)=tnz)=ed/1.d3

)

if((bflow).lt.8)then
negbflow=negbflows+bflow
else
posbflow=posbflow+bflow
endif

if((ene).1t.8)then
negene=negene+ene

else
posene=posene+ene

endif 7

t—— 1fluid.f 53% L2476 (Fortran) |
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Rozpinanie kvarkovo-gluonovej plazm

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:29:52

Fill : 1482

Run : 137124

Event : 0x0000000042B1B693




Co robime my

Cez plazmu prelietaju velmi rychle kvarky a gluény a strhavaju ju za sebou
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Studium kvarkovo-gluénovej plazmy

* na urychlovaCi LHC dokazeme zrazanim jadier olova vyrobit
malé kvapky hmoty s roztopenymi protonmi:
kvarkovo-gluonovu plazmu

* kvarkovo-gludnova plazma vypifiala nas vesmir velmi kratko
po Velkom tresku

* vieme merat vlastnosti takejto horucej hmoty!!!



Typicke energie, velkosti a casy

Energia zrazky
LHC: 1144 TeV = 0,2 mJ

10



Typicke energie, velkosti a casy

Energia zrazky
LHC: 1144 TeV = 0,2 mJ

Typicky rozmer: 10-14m
jablko

N

10-'m

10



Typicke energie, velkosti a casy

Energia zrazky
LHC: 1144 TeV = 0,2 mJ

Typicky rozmer: 10-14m

jablko zemegula

S

10-m 10m

10



Typicke energie, velkosti a casy
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Typicke energie, velkosti a casy
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Typicke energie, velkosti a casy

Energia zrazky
LHC: 1144 TeV = 0,2 mJ

Typicky rozmer: 10-14m

slneCna
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QGP atom
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Typicke energie, velkosti a casy

Energia zrazky
LHC: 1144 TeV = 0,2 mJ

Typicky rozmer: 10-14m

sinecna
QGP atéom jablko zemegula sustava
10-14m 10-19m 10-Tm 107m 1012m

Typicka doba zivota: 10-22s
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Typicke energie, velkosti a casy

Energia zrazky
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Typicke energie, velkosti a casy

Energia zrazky
LHC: 1144 TeV = 0,2 mJ

Typicky rozmer: 10-14m

slneCna
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QGP atom
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Typicke energie, velkosti a casy

Energia zrazky
LHC: 1144 TeV = 0,2 mJ

Typicky rozmer: 10-14m

sinecna
QGP atéom jablko zemegula sustava
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Potlacenie jetov

Jety su produkovane

v jednoduchych systémoch
vzdy vo dvojici

(zakon zachovania hybnosti)
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Jety v zrazke ete-

ELPHL Intersctive Analysis
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Jety v zrazke
u+Au?

13



Vyhasnutie jetu na druhej strane

0.2 ht+h e d+Au FTPC-Au 0-20% (@) _
- A A d+Au min. bias :

(1/Ntrigger) dN/d(Ad)

0.2 B — p+p min. bias
*  Au+Au central

0 /2

L8

A¢ (radians)

[STAR Collaboration, PRL 91 (2003) 072304]
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Vyhasnutie jetu na druhej strane

(1/ Ntrigger) dN/d(A¢)

0.2

e d+Au FTPC-Au 0-20%

(@)
A d+Au min. bias -

— p+p min. bias
*  Au+Au central

e ™ Ao (radians)

[STAR Collaboration, PRL 91 (2003) 072304]

: Druhy jet je pohlteny v médiu
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Vyhasnutie jetu na druhej strane

(1/ Ntrigger) dN/d(A¢)

0oL hteh * d+Au FTPC-Au 0-20% (@) _|
- b A d+Au min. bias .

0oL — p+p min. bias (b) _|
- ' *  Au+Au central T

: Druhy jet je pohlteny v médiu

- i ' -
| 1 I I | 1 1 ] | 1 |

0 /2 " Ao (radians) '\ zrazke sa produkuje medium

[STAR Collaboration, PRL 91 (2003) 072304] pozierajuce jety!
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Vyhasnutie jetu na druhej strane

(1/ Ntrigger) dN/d(A¢)

02k ht+h e d+Au FTPC-Au 0-20%
- b A d+Au min. bias

@

0.2 B — p+p min. bias
*  Au+Au central

I 1 1 1 I 1 1 1 l

—

0 /2

[STAR Collaboration, PRL 91 (2003) 072304]

: Druhy jet je pohlteny v médiu

" A¢ (radians) V zrazke sa produkuje médium

pozierajuce jety!

Jediné také zname medium je kvarkovo-gluénova plazma.
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Vysledky LHC/CMS: silne potlacenie jetov
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Fazovy diagram

T:=373,946 °C

kvapalina
lad

para

:001°C 7

plyn hadrénov ~ \/c="7

kvarkovo-
gludnova
plazma

~21012K T
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Zhrnutie

* protony a neutrony sa pri vysokych teplotach roztopia
na kvarky, vznikne kvarkovo-gluonova plazma

* kvarkovo-gluonovu plazmu dokazeme vyrobit a studovat
v CERNe

* teoreticky dokazeme simulovat vlastnosti kvarkovo-gluénovej
plazmy
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