Jaderna fyzika vysokych energii

Michal Sumbera
Ustav jaderné fyziky AV CR
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Historie vesmiru

215 miiar
2 s miiar

1 miliarda le

100 tisic let
100 sekund
10-1° sekund




uveznéni kvarkii '

vznik protonii a neutronii

<




Fdzovy diagram jaderné hmoty (QCD)

Ranny vesmir

kvark-gluonové plazma

Teplota
_|

) barevny
hadronovy plyn supravodic

nukleonovy plyn
jadra

£ Neutronové hvézdy

vakuum jadernd hustota
D.J. Gross,H.D. Politzer & F. Wilczek

Nobelova cena za fyziku v roce 2004



Fazové prechody QCD

Non-perturbative Vacuum

1 Studujeme neporuchové “vakuum”,
které vézni kvarky, tim, Ze jej
Joztavime"”

Perturbative Vacuum

+ Experimentdlni metoda:

- Vysokoenergetické srazky
tezkych jader

+ Experimentalni mérent:
UZivame sondy/signdly, které
- Sami vznikaji

- Jsou citlivé ke vSem ¢asovym
skdldm srdzky




Srdzky relativistickych jader:
maly .velky tresk" v laboratori




Au + Au @ RHIC:

How much
! energy
In each
collision?

J L
1.6 X 10—19—V x 197 x 200GeV ~ 6u.J
€



Au + Au @ RHIC:

How much
! energy
In each
collision?

J L
1.6 X 10—19—V x 197 x 200GeV ~ 6u.J
€

Consider
two mosquitos
colliding...







Relativistic Heavy Ion Collider -
,srazec relativistickych tézkych iontd"

¢



RHIC: pohled z druzice

L Brookhavenska
narodni laborator

BEROOKHPIAVEN
NATIONAL LABORATORYY




RHIC: pohled z letadla

obvod: 3,8 km

http://www.rhic.bnl.gov




Urychlovacovy komplex RHIC

Plvodné budovany jako urychlova¢ protont
ISABEL (do roku 1981) -

Po spusténi urychlovace Sp pS v CERN byl projekt
prohldsen za nekompetitivni a jeho vystavba
ukonéena. OzZiveni (RHIC) od roku 1985.

1. Tandem Van
de Graaff

2. Heavy Ion
Transfer Line

3. Booster

4. Alternating
Gradient
Synchrotron (AGS)

5. AGS-to-RHIC
Transfer Line

6. Prstenec RHIC:

~1700 supravodivych
magnett



Expemmen‘ry ha RHIC
i -- | 2 velké:

PHENIX
STAR

vice nez 400
védcl a
technikd

: 2 mensi:
{ BRAHMS
PHOBOS




Staty Ucastnici se vyzkumu na RHIC

1 H—
h- = -
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The

*FAR

Collaboration

Solenoid Tracker At RHIC

522 spolupracovniki
51 instituci
12 zemi



http://www.star.bnl.gov/

Federal Ministry of Education and Research of Germany

National Institute of Nuclear Physics and Particle Physics of the National Center for Scientific
Research of France

United Kingdom Engineering and Physical Sciences Research Council
Research Supporting Foundation of the State of Sao Paulo, Brazil
Russian Ministry of Science and Technology

Ministry of Education of China

National Natural Science Foundation of China

Grant Agency of the Czech Republic (GACR)

Department of Energy of India

Department of Science and Technology of India

Council of Scientific and Industrial Research of the Government of India
Swiss National Science Foundation

Netherlands Foundation for Fundamental Research on Matter

Polish State Committee for Scientific Research

Science and Technology Assistance Agency of Slovakia



http://www.star.bnl.gov/

Casove projekéni komora



Kremikovy
vrcholovy
detektor



Prvni srdzky jader zlata

Ridici
centrum
experimentu
STAR
12.6.2000
vecer



tnor-brezen 2005 (tamtéz)



Tomografie plazmatu



Produkce hadronovych sprsek (“jetu")
hadro"yff/;/ z)e’%?fl:fldia\f::fuea
 /

/

/( ! srazka dvou jader

hadrony ‘j 1
<
vedouci vedouci éastice

7
/
Castice hadrony je brzdéna
/ (Q6P?)
T I prostredim
srdZka dvou protonl :




tlohu radionuklidd hraji
tvrdé srazky k nimz dochazi
na po¢atku srdazky jader.

roli zdreni beta prebiraji
kvarky a gluony prolétavajici
plazmatem

Radionuklidy:
11C, 13N, 150, 18F




Produkce ..tvrdych" ¢dstic v proton-protonovych
a jadro-jadernych srdzkach na RHIC

NI

p+p—jet+jet



- 'S
pp srazka QG
LY

AA srazka



Potlaceni ,tvrdych" cdstic plazmatem

Experiment: Au + Au Kontrolni experiment: d + Au
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Dramaticky rozdilnd zdvislost na centralité srdzky



Otdzka: ..Jak moc je nova hmota nepriuzracnd
pro tvrdé ¢dstice?"

Odpovéd': ,Uplng"



Jak husta je vznikla hmota?

:EN 14fm

(podle Jamese Bjorkena) '
(r)-_ L dE;
7, =1fim/c R T, dy

1fm = 10> m =0.000000000000001 m '

gg(1fm/c) =5.5Ge VIfm®  =30xp,~10xpy
£5,(0.35 fm/c) = 16GeV / fm® ~95xp,~ 30xpy (z,=1/m,)
£5,(0.14 fm/c) = 40GeV / fim’ =~ 235xp,~80xpy (7, = 1/0,)

po = hustota atomového jadra ' px = hustota hmoty uvnitSprotonu nebo neutronu '




Méreni tlaku plazmatu



Elipticky tok castic:
"nejlepsi barometr” na RHIC

Periferni
srdazky

Oblast prekryti v perifernich

". srdzkdch mé
), .

Pro Cdstice je je snaZsi

vyletét ve sméru x nezli ve

sméru y
+ Interakce mezi Castice vytvari
tlakovy gradient, ktery
umozZnuje zmérit pocatecni
anizotripii v souradnicovém
prostoru pomoci méreni
anizotropie v hybnostnim
prostoru




Elipticky tok ¢dstic s velkou pri¢nou hybnosti je obrovsky !

______________________________________________________ A
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V, =0.25 znamend, Ze je 3 x vice Cdstic vyleti ve sméru x (do tzv.
reakéni roviny) nez do sméry y (tj. mimo reakcni rovinu)



Souhlas experimentdlnich dat s hydrodynamickymi
vypoCty je nejsilnéjSim argumentem ve prospéch
existence kvark-gluonové kapaliny



Velky srazek hadronu (LHC)

a jeho detektory



16x16x26 m?,celkova vaha~10 000t, 18 ruznych detektora






MUON CHAMEBERS | [ INNER TRACKER | | CAYSTAL ECAL
- -~ I' -
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Total Weight : 14,500 t.
Overall diameter: 14.60 m
Overall length : 21.60 m
Magnetic field : 4 Tesla

[ RETURN YOKE |




Soustava urychlovacu v CERN



LHC = pokrocila technologie v akci

23 km supravovych magneti
udrZovanych supratekutym heliem na 1.9 K

40
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Konstantni exponencielni
ridst energie po vice nez
70 /et.

Pokrok dosazen
opakovanymi
technologickymi skoky

Supravodivost byla jiZz od
80. let a zdstava i nyni
klicovou technologii
urychlovaci vysoko-
energetickych castic
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Srazeni proti sobé leticich svazku Castic




Intersecting Storage Rings: 1971-84

Interakcni
oblast, kde se
kFiZi svazky
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Velikost a cena urychlovacit hadronii

14 - [ Specific diameter [m/GeV]

12 - M Specific cost [2004 MCHF/GeV]

10 -

ISR 1970 SppS 1981 LHC 2008
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7000 km supravodivych
viceZilovych kabelii 7 Nb-Ti"

*) Supravodi¢ typu Il, T = 10 K, zustava supravodicem azdo ~ 15T
45
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lem LHC

| 4

dipo

O wvw

Prurez kryogennim

ALIGNMENT TARGET

BEAU FIFE

SUFFORT POET

LHC DIPDLE
CROSS SECTION X-X ON TWIN SUPFORT S[IDE
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Nejstudenéjsi misto ve vesmiru
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Ochlazeni jednoho sektoru LHC

= Z pokojové teploty na 80K pomoci tekutého dusiku
(1200t: 64 nakladakd o 20t). 3 tydny pro jeden
sektor.

&

= Z 80K na 4.5K pomoci chladni¢ek (refrigeratord).
3 tydny pro jeden sektor. Je treba ochadit 4700t
materialu.

= Z 4.2K na 1.9K. Chladici kompresory pracujici pri tlaku
15 mbar. 4 dny pro jeden sektor.
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Ochlazeni jednoho sektoru
4625 t materialu na 3.3 km

Vykladani LHe a LN2

Ochlazovani pomoci LN2
(=5 t/h)

&

7
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Temperature [K]

Prvni ochlazovani sektoru LHC
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Havarie 19.9.2008



Interim Summary Report on the analysis of the 19th September 2008 @1“
incident at the LHC il

The magnet circuits in the seven other sectors of the LHC had been fully commissioned to their
nominal currents (corresponding to beam energy of 5.5 TeV) before the first beam injection on 10
September 2008. For the main dipole circuit, this meant a powering in stages up to a current of 9.3 kA.
The dipole circuit of sector 3-4, the last one to be commissioned, had only been powered to 7 kA prior to
10 September 2008. After the successful injection and circulation of the first beams at 0.45 TeV,
commissioning of this sector up to the 5.5 TeV beam energy level was resumed as planned and according
to established procedures.

On 19 September 2008 morning, the current was being ramped up to 9.3 kA in the main dipole
circuit at the nominal rate of 10 A/s, when at a value of 8.7 kA, a resistive zone developed in the
electrical bus in the region between dipole C24 and quadrupole Q24. The first evidence was the
appearance of a voltage of 300 mV detected in the circuit above the noise level: the time was 11:18:36
CEST. No resistive voltage appeared on the dipoles of the circuit, individually equipped with quench
detectors with a detection sensitivity of 100 mV each, so that the quench of any magnet can be excluded
as initial event. After 0.39 s, the resistive voltage had grown to 1 V and the power converter, unable to
maintain the current ramp, tripped off at 0.46 s (slow discharge mode). The current started to decrease in
the circuit and at 0.86 s, the energy discharge switch opened, inserting dump resistors in the circuit to
produce a fast power abort. In this sequence of events, the quench detection, power converter and energy
discharge systems behaved as expected.

I



S _ PR14.08
2\ Press Office 16.10.2008

CERN zverejnuje analyzu havarie na LHC

VySetrovani ukazalo, Ze divodem havarie v sektorech 3-4 byl
vadny elektricky spoj mezi dvéma magnety
(ukazany Cervené).



Sbhernicovy vodic

Upper Tin/Silver
Soldering alloy Layer

Inter-Cable Tin/Silver
Soldering Alloy Layer \

/

Lower Copper U
Profile

Upper Copper
Profile Superconducting
/ Cable in Copper
Stabilizer

Lower Tin/Silver
Soldering Alloy Layer

/

\ Completed
Junction

Cable Junction Box /

Cross-section



Dobry spoj pri normalnim provozu (1.9K)

Magnet Magnet

W W /4 W . 4 v 2 v v , v . , . v
médény sbérnicovy vodi€ g 280 mm mé&dény sbérnicovy vodic @ 280 mm?

T supravodivy kabel
pajeny spoj

Je tfteba zajistit, aby spoj mezi dvéma
supravodivymi kabely byl doby. =»
M¢éteni nQ odporu pi1 teplotach 1.9K

56



Dobry spoj po nahle ztrate
supravodivosti (>10K)

o L [T

Médéna sbérnice odebere proud vznikly pri
ztraté supravodivosti v mnohozilovém kabelu




Spatny spoj pii normdlnim provozu (1.9K)




Spatny spoj po ztrdté supravodivosti

Smer proudu je odklonén do kabelu, ktery
vSak jiz neni supravodivy. V zavislosti na
velikosti proudu a délce drahy se kabel miiZe M&gﬂ@t

stat tepelné neovladatelnym...

mé&dény sbérnicovy vodi¢ 8 280 mm2 1 mé&dény sbérnicovy vodi¢ ¢ 280 mm?

i il kabel neni supravodivy fif

e ticba zajistit, aby byl m&deny vodid

G pocelé delce nepieruseny =P
M¢éteni p€ odporu pi1 normalni teploté




— New pressure release ports fitted

— Upgrade of magnet protection system

= Cleaning ofvacuum beamn tube

— Dipole and quadrupole magnets replaced and electrical interconnections
LHC ring

X Incident



Nov 23, 2009: First p-p collision

as seen 1n the ALICE online event display

61
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Getting to know ALICE

y-ray image of ALICE
photon conversion vertices

 Gamma ray tomography

[

IFC: 3x0.1mm -> 2x0.25 mm (0.51%->0.74%X,)

IFC glue joints
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