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‘ Kvark-suppen og ALICE
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BICEP2 Collaboration/CERN/NASA
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Time evolution of the Little Big Bang
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Hvordan laver man Universets “urstof”?

@
Stof findes i flere faser neutron
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Er det muligt at smelte atomkerner?

Hvis vi kan ggre det, kan vi forsta det meget tidlige Univers
Varme + tryk: Blykerner i en accelerator!




KOBENHAVNS UNIVERSITET
'\;..Q

Bgrge Svane Nielsen, Niels Bohr Institutet

LHC

Normalt kernestof

()
P
)
-
©
| .
o
Q
5
I—

IE-‘,'
%ﬁ Hadrons

. Atomic nuclei

Baryon density

Neutrcn stars

Neutron
stjerner



KOBENHAVNS UNIVERSITET Bgrge Svane Nielsen, Niels Bohr Institutet
B 40N

\Tunge ioner i LHC

1150 TeV

208pp 208pp  kollision

superkerne med
haj energi

~e.-. Smelter kernepartiklerne
oo

?  reosit sammen til et
w72 kvark-gluon plasma (QGP)?
® ...0g hvordan ser suppen ud?
® o
®
® . mini Big Bang
®
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'Tunge ioner i ALICE -- mini Big Bang

final detected

Relativistic Heavy-Ion Collisions particle distributions
made by Chun Shen p Kinetic
reeze-out
. 3 N Hadronization
Initial energy <
density ‘

‘_—
collision
overlap zone
156 MeV ~ 10'* K
For the scale, our Sun has approximately 6,000 K on the
f'e" surface
Ulllbrlum and up to 1,000,000 K in its core
ynamics_ viscous hydrodynamics free streaming
collision evolution N

t~0fm/c T ~1fm/c t ~ 10 fm/c T ~ 1012 fm/c
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Pb+Pb E.=5.5 TeV t=-19.00 fm/c

H. Weber / UrQMD Frankfurt/M




Bgrge Svane Nielsen, Niels Bohr Institutet

KOBENHAVNS UNIVERSITET




Bgrge Svane Nielsen, Niels Bohr Institutet

KOBENHAVNS UNIVERSITET

Hvordan ved viat @
~ kvarksuppen (QGP) ~ °
dannes i partikel-
sammenstgd?

Hvordan ser suppen
ud?
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=" "Flow” i Pb-Pb kollisioner

wn
IS
=
o]
(&)
, ?
Rumlig A
asymmetri
' 0.4 . : . . * :
0 0.5 1 1.5 2 2.5 3
Sto:jc—_z tr¥k O™ piane (rac)
radlienter
g . 9
' i ALICEdata ' | I Hydr<'>dyna;nics
0.15 [~ physical Review Letters, 116, 132302 P [ -]
" wv,{2, [Ani>1 V{2, [Ani>1}
_ ;.Zﬁz, IA:I;% :"2}2' "“"”1 )
L ¢V, {2, [Anl>1} i
. 0.1 .
Azimutal ]
anisotropi !
0.05 R

Flow malt stoffet reagerer koII_ektlvt 0 10 20 30 40 50 60 20 B
nukleonerne findes ikke mere
Centralitv nercentile




KOBENHAVNS UNIVERSITET

Bgrge Svane Nielsen, Niels Bohr Institutet

Model-
beregninger:

N
vo(8Y)

C

ALICE data:

1.4

1.2 -

0.8

06 r
04 r

02 r
0

m=038 GeV (- 5)°/ ——
- (40-50)% 1
- CGC calculation (60-70)% —eo— |
:l'HE 3D IP-GLASMA MODE7/\ (80 90)

/"\

J'Correlatlorr

W length in TPC 'M

5432-1012345

41 [m-osGev] 05
(40- 50)% —-—
1.2 | Hydro calculation (60-70)%
(80-90)%

=
2 1

= ww
)

B. Schenke. S. Schlichting. P. Singh: Phys. Rev. D 105. 094023 (2022)

AV
T c T T
- ALICE C ]
| VOA multiplicity i
[ P-Pby5y,=502TeV i by
0 GeVic = 5-10%
0.06~ > — o
| Templatefitmethod  [=[®® +10-20% |
i Fary + 20-40% |
oy L M ]
& :
P ﬁ % % .
0.02 - |
|

-6

[4)]

Correlation
IengthlnTPC

2 3 4 5
Ay

Konklusion:
Suppen har meget
lav viskositet --
flydende
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»'  Tomografi af atomkerner:
p+p vs. Pb+Pb kollisioner

p+p Pb+Pb

JETs kan
modificeres
eller
undertrykkes
p.gr.a.
vekselvirkning
af den spredte
parton med
‘farvet’
medium, f.eks.

via gluon
0O ,.
bremsestraling.

ALICE har malt p+p ved samme energi som Pb+Pb (2.76 TeV)
for at sammenligne direkte
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Detector:
( > 1000 Members
Size: 16 x 26 meters > 100 Institutes

Weight: 10,000 tons

> 30 countries
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Et af de fgrste Pb-Pb sammenstgd ved 1 PeV set i ALICE
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‘“S|I|C|um sensorer og hybrider

Sensorer fra Hamamatsu Photonics @
Hybrider fra Ideas AS, Oslo

"""""

VA-ALICE
128 kanals
forforsteerker

Tradforbindelser

ALICE-FMD Hybrid FEE
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[RCvolume

Narrow laser beams:
20-40 pJ/pulse, o 1 mm §

Four shadows of the y
p-mirror bundles ~—* [I®
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Wide laser beams: 266 nm, @ 1aser beam & splitter
100 mJ/pulse, 5 ns pulse, o 25 mm /@ prism @ camera

# adjustable mirror

@S rod
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336 laserstraler in TPC

fixed beam splitter

Laser rod - Gas rod

P

Central electrode
with quartz window

Narrow laser beams

beam :

20-40 pd/pulse, =~ 1 mm

pulse, 5 ns pulse, &~ 25 mm

1 mm
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Focal-H: den nye danske detektor

Kobber-scintillator hadronisk kalorimeter

Kobberrgr med scintillatorfiber —Z SN\ LI Bipore

Maler lysglimt for enden af
scintillerende fiber.
Lysmaengden er proportionel
med partiklens energi.

HMPID
L3 Magnet
PHOS
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Amplitude (ADC counts)
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ALICE FoCal-H Prototype 2
May 2023, CERN SPS H2
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—— Fit to simulation

Fit to data
*  Simulation
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