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BATAVIA, Ill. — Science rode a beam of subatomic particles ——

(= PRINT

and a river of Champagne into the future on Wednesday.

@, Enlarge This Image  After 14 years of labor, scientists at 5 SNGLEPAGE
the CERN laboratory outside B REPRINTS
Geneva successfully achivated the  Ls save
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ARTICLE TOOLS

. . . SFONEDRED BY
collider and, at $8 billion, the FHE SECRET
LIFE OF BEES

#Anja MiedringhaussAssociated Prass most EKPEHSi"*’e S("iElltifi(‘

The entrance ta the CERN experiment to date. LOST THERE, FELT HERE.
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What is the LHC

A particle accelerator

s \\We speed! Up protens (lydregen: nucler) at
909199999904 6f the speead efilight

VWersmash them tegether (cellide)

\We see what happens!




In a 17 mile long tunnel 300 ft below ground




What happens in the tunnel?

Pretons are putin the tunnel (Injected) infunches

m SeMme bunches go clockwise, seme PUNChes go
anticleckwise

Initially;, eveny time they ge areund they get a littie kick
(accelerated)

ey guickly reachrtheln final Velecity

BUnches are made te collide at a few peints; around
e nng

EXPernmenters place detectors: aund the collision
points to study these collisions




What keeps the protons going round-and
round?

Viagnets)
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Picture of the tunnel
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9300 magnets

Cooled to -271° C by 96 tonnes of liquid
helitm

A l7 mile long vacuun pipe snakes
tRroughithese magnets

Proetons ge areundithe inng 11,000 times a

second

ihe size of the: proton; BUunches Is v of that
off a human: air.




Why Is It so big (and expensive)?

Iihe faster the protens go;, the hander It Is
16 bend them areunad

a Need stronger and stronger magnets
s LHC magnets are at the: techinelegical limit




What happens when the protens collide?

ey break up

[RElr energy: off moetien can be transiormed
Inter production ofi new particles (E=mc?)

[Detectors are placed all aeunditne
collision te “Image” the delrs; that
Emerges

=[em| the: patterms that are detected we
earn apeut fundamental science (more
ater)
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CMS Collaboration

38 Countries, 183 Institutes, 3000 scientists and engineers (including 400 students)

June 2008

TRIGGER, DATA ACQUISITION TRACKER |

Austria, Belgium, CERN, Finland, France, Germany,
& OFFLINE COMPUTING ol oant Mg N Zea b Al traiand R UISA
Austria, Brazil, CERN, Finland, France, Greece, AY-=apan’; MEXICo, New 2ealandy SWILzetianG, =5,
Hungary, Ireland, Italy, Korea, Lithuania, New Zealand,
Poland, Portugal, Switzerland, UK, USA = CRYSTAL ECAL

Belarus, CERN, China, Croatia, Cyprus, France, Italy,
Japan®, Portugal, Russia, Serbia, Switzerland, UK, USA

PRESHOWER
Armenia, CERN, Greece,
India, Russia, Taiwan

RETURN YOKE

Barrel: Estonia, Germany, Greece, Russia
Endcap: Japan*, USA

SUPERCONDUCTING
MAGNET

All countries in CMS contribute
to Magnet financing in particular:

Finland, France, Italy, Japan®, (| g - FORWARD

Korea, Switzerland, USA My CALORIMETER
Hungary, Iran, Russia,Turkey, USA

HCAL

: Barrel: Bulgaria, India, Spain*, USA MUON CHAMBERS

Total We'ght 112500 T Endcap: Belarus, Bulgaria, Georgia, Russia, Barrel: Austria, Bulgaria, CERN, China,
Overall diameter :150m Ukraine, Uzbekistan Germany, Hungary, Italy, Spain

Overall length :215m HO: India Endcap: Belarus, Bulgaria, China, Colombia,
Magnetic field 14 Tesla Korea, Pakistan, Russia, USA







Select: i
Muon
Electron
Neutral Hadron
— Charged Hadron
Photon :

Silicon
Tracker

Electromagnetic
T 1‘1_]'] Calgrimeter
it
Hadran

Calorimeter

Transwerse slice
through CMS

Superconducting
Solernoid

Iron return yoke interspersed
with Muon chambers




‘ \ .
Yo N
»

\ -}‘./
't '. g

g "’f’;‘; /‘ ; Jq’}i f i A

N

- N l - 1 -,‘ -ty "" L










|
Ll
»
| |
¥
| |
B
|
|
|
L]




: g " Y
Sl T ok
5 - N &
E. :
B

.

R e o

— — . et ._ o
O N TRy ;* LN RN RNy Y
ja8: s-. asansazanpie :..E%Ffmk‘_ }ﬂkﬁuek\wﬁgﬂ 50 Af










Fun facts about CMS

IHuge magnet 100,000 earth field
a 12,000/ tennes
s cooledto-268.5 degrees
m Steres enoeugh eneragy tormelt 18 tennes of geld
m twice as much iren as Eiffel tower

40 Millienr collisIoRs/See
s But we canionly record informatien frem; about 200:.,..
s Must decide i real time: “yes, this collision leoks interesting’” or “no, this
onelleoks herngr

Aboeut 1 GigaByte per second of data will flew eut efi the
EXPERmeEnt
s [hendata Is processed and even more infermation is added

s Computer centers all over the world are tied tegether to handle this
massive amount of data




o CGRE

Enabling Grids
for E-scienckE

Open Science Grid




Why?

iy 1o answer some: of the oldest and most
PASIC gUEestiens ot iliman civilization

s VWhat Is matter (Stufi) made of 2
he fiundamental constituents off matter

Excuse me..are you
a fundamental

L particle? ‘
= How does! it interact ? T~
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The Standard Moeael (SIV)

\We have a theony off fundamental particles
and nteractions

ltWerks extremely well

BUt We knew that It IS Incemplete




The Higgs (aka the God particle)

TThe SVifwerks great
BUl It dees noet like mass very much

Naturally the theery has mass=01er even/ining
= Not so great

Cannor just putinrmass; by handin the
eguatiens

Must concect “Higgs: Mechanism®







IHIggs Mechanism

\Works

s But all- numibers have: io be ttned tor 19 decimal
places e make it Work!

Predict the existence of a HHiggs particle
fitrue, we willlmake it and see it at the LHC

Aot we willlsee what else s out there Inrits
place




SUpersymmetny.

A BeautiitifFmathenatical theony:
fheensts love it

Predicts existence of many. new: particles,
SEIVes many. pronlems

\We have Seen ne evidence for It
\We may see It at the LHC




Extra Dimensions

ihe most fashionalle theemnes; o What
NapPPENS at Veny sholt distance ol Work i
tere are more dimnensiens oF SPaces

ifthe exira dimensiens: are Just se, We
could see first evidence for them







SUrprises

\We are opening Upra new energy. regime

fhere could be phenomena that nene of
US has; theught of
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Damage to atom smasher forces

From the Azzocisted Press
Septemnber 21, 2005

GEMEYA - The world's largest atom smasher -- which was launched with great fanfare
earlier this month -- has been damaged twice and will be out of commissian for at least
two manths, its operators said Saturday.

CERM, the European Organization for Muclear Research, said Saturday that a large
amount of helium had leaked into the 17-mile (27-kilometer) circular tunnel deep under
the Swiss-French border that houses the Large Hadron Collider,

The massive collider began operating Sept. 10 to the delight of physicists around the
world, flinging protons around the circle at nearly the speed of light. But it had to be
shut down anly 36 hours later due to a failure of an electrical transfarmer.

That was repaired, but & CERM statement said a second failure took place midday
Friday in the last section of the tunnel to undergo testing at high current, causing the
large helium leak.

CERM spokesman James Gillies said the latest incident was several miles
(kilormeters) from the earlier damage. It is considered much mare time-consuming to
repair than the first malfunction.

"Preliminary investigations indicate that the most likely cause of the (Friday) problem
was a faulty electrical connection between twao magnets, which probably melted at
high current leading to mechanical failure," said the statement Saturday.




The LHC will'have 1% collisions ni May: 2009

I the meantime we contintie depugging EMS
and prepaing eur data analysis ieols

Will'have 1= results next year

Fder net expect anything tee excliing untl 2010




