The primordial 'soup’
of QUARKS and GLUONS
Can we make and study it on earth?

Our Hadron
World: NOW

L
=l

Quark-Gluon
PI asma.: M. Turner Natl. Geog. Mag.

OUR PAST

J. Harris, Yae

Quark Gluon Plasmain Universe: t < 10 sec
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Do we form a Quark Gluon Plasma?

Danish Teachers, CERN, 23 Oct 2007 Bgrge Svane Nielsen, NBI 3



The traces of the
Little Big Bang

E=Mc?
'New
Math’ =>
'Create’
2004200 Matter &
Antimatter

=7000
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FORCES

BOSONS

Unified Electrowaak spin = |

PARTICLES

fore carmers
=pin = &, 1, 2, ...

matter constituents
snin = 172, 312, 812, ...

Strong [calor} spins 1

Quarks «yin=12
' Mass Bt
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Quark 'Lego’.
Explains present complex particles

Barvons ggq and Antibaryvons g

Baryons are ferrmbonde hadrons.
There are about 130 types of baryons.

Lo [Ty Electric Mass

. el .
R e e b charge GewWre?

Spin

P proton | LILIC

Mesons gq
Mesons are Bosonic hadroms.,
There are ahost 1440 typas of masons.

. o Quark Ebectric Mass
Syrraob || me content charge GV’
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Cannot make
free quarks
thisway

=>
: Need short
/ distance,
C> ' large density
QGP
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Inflation

Key: W, Z bosons
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12000 o'clock

Sextant 10

PHOBOS
1000 a'clock
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BRAHMS - ?
. —~—y
The forward experiment -
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SCIENCE

Researchers find quarks
like those from Big Bang

Dubbed the “quark-gluon plasma,” it's bil-, . ‘
lions of times hotter than the heart of the sun .

H Lively debate on the subject likely

this week at conference in Oakland

By lan Hotfman '

STAFF WRITER' .
In this world, there's no such thing as a

free quark.

TUESDAY, January 13, 2004

and as dense as the core of a neutron star.

If Wang 18 right, the plasma winks wmto ex-

istence a few million times a year, when atoms

of gold smash head-on inside the Relativistic *
Ion Collider .at Brookhaven National

Heavy
Laboratory in New York.

arks

kommet

THE NEW voRK TIMES NATIONAL TUESDAY, JANUARY 13, 2004
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ES GLANZ
Calif, Jan. 12 — A

.1 lense state of matter,

. some respects to a
f subatomic pudding,
vered deep within the
* ry gold atoms, scien-
- khaven National Lab-
at a conference here

was described by some
. as a breakthrough in
the powerful, im-
plex forces that hold
ailding blocks of atom-
ons and neutrons. Evi-

e mbata af manttan

ter at minuscule scales.
““This is nothing short of a major
discovery,” said Dmitri Kharzeev, a

theoretical physicist at Brookhaven,

who was not involved in the experi-
ments. “I think it's going to trigger a
real revolution in nuclear physics.”
The nuclear pudding, as strange as
it is, has a simple structure and could
turn out to be a universal property of
nuclei speeding at high energies, Dr.
Kharzeev said. The simplicity stands
in sharp contrast to the messy and
sometimes incomprehensible struc-
ture of many atomic nuclei. The new-
ly discovered state could let physi-

cists cut through those complexities .

hard, pointlike particles called
quarks, as well as similarly pointlike
particles called gluons, which carry
the strong force that binds the
quarks together.

Each proton (and each neutron)
contains three quarks. Normally
there is just & handful of gluons
flitting among the quarks, said Dr.
Larry McLerran, leader -of Brook-
haven's nuclear theory group.

That arrangement means that
atomic nuclei, though comparatively
dense, are something like little plan-
etary systems: particles whirling
through mostly empty space. But
subatomic matter is nothing if not

Miatecs mmd atham ccnclen cnd abiaca

more easily, theorists predicted. And
because, according to Einstein's the-
ory of relativity, time slows down
when particles move close to the
speed of light, those brief fluctua-
tions could in effect last longer.

In that state, according to work by

Excitement over a
fleeting glimpse of
subatomic pudding.

Found State of Matter Could Yield Insights Into Basic Laws of Nature

finger through chocolate pudding
than through a bag of marbles.

And that is exactly what a particle
detector called Brahms, for Broad
Range Hadron Magnetic Spectrome-
ter, saw at Brookhaven, said Dr. Ra-
miro Debbe, a physicist on the ex-
periment, As deduced by the number
of collision products shooting
straight down the axis of the acceler-
ator, deuterons did not have nearly
as many collisions with gluons inside
the gold as they would have if the
gluons had all been flying about sep-
arately.

So, Dr. Debbe said, the Brahms
data indicated that the deuterons

THE NEW YORK TIMES NATIONAL wWEDNESDAY, JANUARY 14, 2004

Tests Suggest

o ———r

- —

What has been created is up-"folr debate l

» QUARK, from News 1

Precisely what nuclear physi-
clsts have created and what it
means are ripe for debate this
week in the Oakland Convention
Center, at this year's Quark
Matter conference. :

“This entire week, people will
b fighting over whether the
plasma really was'there,” says
Michigan State physicist Gary

Expansion of the Universe

A few millionths of a second after the
atomic nuclei. It took 400,000 years of

Westiall ngng :l;;:rk-gluon Proton & Formation Formation
’ | ma neutron of low of neuts
Early In the construction of | . Afew formation  mass nuclei atoms !
the Long Island collider, better Time = millionths Afew 3 minutes 400,000
known as RHIC, a handful of of a second thousandths yea;s
European scientists predicted of a second

horrors. Bashing gold atoms

Big Bang, the uniyerse was a blazing hot soup of quarks and gl
cooling to settle into the structure of today's matter. Scientists

re-created the quark-gluon plasma inside a Long Island lab, providing clues to the infancy of the unive

Star Supernova

formation  dispersion

1 billion massive ali

years Several billic
years

head-to-head could give birth to
a black hole. It could devour

Macbmdbam s sl

Source: Lawrence Berkeley National Laboratory

_ At first, theorists concelved a hot mass of nuclear particles,

Even if t

Scientists
Have Found
Big Bang Goo

By JAMES GLANZ
OAKLAND, Calif.,, Jan. 13 — At

e —— e 4.8

— b, o

- rnysicists would like to study the |
quarks individually, but the force
ca.rried by the gluons is something
like a rubber band that never loses
its elasticity. So a given quark can
never escape the embrace of another
quark and roam free. The lone excep-
tion — theoretically, at least —
shogld occur when a collection of
ordinary particles becomes so hot
and dense that their innards can spill

out and form a kind of quark soup,
t.hg_ qu‘a.|_:'k~gluon plasma.
- — - 19

PARTIKELFYSIK

Det | i11e Big Bang




Large Hardron Collider LHC : 27 km
will collide lead nuclei :
': Pb + Pb at 2750 AGev+ 2750 AGeV

s Maximum available energy for particle
I production in each collision:

(= 0,1 mJoule. Each nuclear collision
i equivalent to 1 mg hitting a wall at 50
km/hr)

gl But the energy is concentrated in a
¥ volume of less than 10 “*m?3 !

B — Highest ENERGY DENSITY

ever produced

Danish Teachers, CERN, 23 Oct 2007 Borge Svane Nielsen, NBI 13






ALICE experiment at CERN’s new
LHC accelerator will record up to
80 000 particle pr. coliision.

15





















Up to 80.000 particles produced in each collision in ALICE.
10.000 collisions per second, for 15.000.000 seconds each year.
=> Millions of GigaBytes to be stored and analyzed.
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... ready to take first data from
the summer 2008. A bient6t. ..
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TPC laser calibration

336 laser tracks in TPC
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Optics and produced at NBI workhop |
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Installation at CERN
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Silicon sensors and hybrids

Sensors from Hamamatsu Photonics —— @
Hybrids from Ideas AS, Oslo

VA-ALICE
128 channel
preamplifier

ALICE'FMD Hybrid FEE
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Wire bonds




Module gluing
in Copenhagen

Bonding
at CERN

Danish Teachers, CERN, 23 Oct 2007 Borge Svane Nielsen, NBI 31



Beam test with
5 complete modules
(equivalent to a full
M inner half-ring)

!
I
1
o
i

5 FMD modules
(5120 channels)

Digitizer board |

|
J!' |

Complete read-out
chain used

o
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" torsdag den 1. marts
ki 15:001 Ma-14

1 anledning af afslutningen pa
Konstruktionen af vores silicium
detector og dens snarlige aisendelse

Ul GERN Jens Jorgen og Borge
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ALICE seen ‘1 :
from outside - , T - _

and inside

*[FRAGILE]d
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FMD3 day =

Friday,
13. April 07




FMD in ALICE

\ i | 7
- -t -
(7 .Cif;:l" T A

FMD2 to be installed 24 June,

FMDI1 still to be constructed,

.. and still lots of cabling and testing
before first beam next summer .../
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