


The Large Hadron Collider (LHC) :

1,000,000,000 collisions/second

Primary targets:
*QOrigin of mass
Nature of Dark Matter
*Primordial Plasma
eMatter vs Antimatter




27km In circumference
~ 100m deep
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The CMS detector:
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Similar crystals used
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Constructing CMS
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The ATLAS Detector

Muon Detectors Electromagnetic Calorimeters
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/ End Cap Toroid

25 m Over 2000 scientists and engineers |
§ Total length 46 m : Nearly 40 countries
B Overall weight 7000 tons :







Set for Opera “Les Troyens”

performed in Valencia, Spain




The ALICE Detector

¢ L3 MACNEY

*  HMMD

s TOFf

*  DIPOLE MACNET

¢ MUON FILTER

*  TRACKING CHAMBERS
¢ TRIGGER CHAMBERS

¢  ABSORBIR
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Collide heavy nucle at high energiesto create ...

Dense Hadronic Matter

Recreate the first 106 seconds ...

]

> 200F
~
2 E
c
lq—) > .. and probe the quark-hadron
5 A phase transition
i
2 oo} |
=
L
Color Super- |
/ Neutron stars COHEHEICEEN G-
® /A PR
0 1 Nucle oL,
22 Net Baryon Density "W
e . ' ' ' B . g T A ‘hg



al

A bl|||0n peoplexwatched on TV s i

‘ﬁb’ '.



- <] Z
file Jeols L = =
Selection
Oevice: k197506
— INCETVIDREE o
INCETVSLCIRRE? Image Hotizaatal prajection
LHCETVSSSL2E) 20 Mean = 1215 (mw i 3
LHCETVSS 6RAE2 S = 2041 mmt [ e
LNCETVATAGL I 3000 + PeeEde = GAATE lanl el
LMCETVST,AIRA R / } 1
COC ATV EAAAD /4 . ~
~ — ~ L R 4
Status 15 o 2900 p’ 7Y
s ®
Dwvicr AME BTV CESLI L s 20004 /_,/
Status: [SSR——  SE— ~
Mode 06F 10 isood [
Commet REMOTE '.
Radlc | Advanced | Dxpert 15 i | /
. 500 4
. s ~25-20-15-18-5 0D 5 1035
Acquisition Type  One extraction [w l Image : X (owen]
————— - - = Vettacal prajection
Acquisition Number: |1 - X
: 2600 TGN =511 [mml
Camera Swack o~ - Sgma = 1AM -- =
- - Lmpitingy = 24509 (au) ~dl |
Sorees Al - .5 2500 4 f
- - { | ',
futer - s | P
— = J ‘- AVAY
Video Gaiwe x1 - F Rah RS "y \
—— -~ . 4 - ' \
| -
Lamp Switok o ST 10 2 23001 | | N
'y s | .
Flest Lamge 300 w s l
vy 22004
! |
AAs !
Setond Lamc 160 w B 2100 - ‘ ]!
ey |
Mates Enadie nanle - + - . - e —— L]
— “25 <20 15 -0 -5 o s 10 15 0 1510 -5 0 5 10 15 20
Mardware Reading & X tovem) | Y -
Acgeesition Type:  One extraction Camera Switck RAD ON Screen Al Video GCaie x|} First Lamgpe 299
Acgeesition Sumber 1 Mire OFF filter Owr Second Lamge 159
P Acquue B S1at Mostoiing o sne Cominuous S$aving
NN Doee




The LHC Enters Popular Culture




Yes, It really Works!
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- Until electrical fault
In connection between
| two magnets
| - Ohmic heating broke
cryostat, vacuum pipe
- Repairs underway

- Restart later in 2009




LHC Accelerator Progress in 2009

Nov 20

Nov 23

Nov 26

Nov 27

Nov 29

Nov 30

Dec 04

Dec 05

Dec 06

Dec 08

Dec1l

Dec 13

Dec 14

Dec 16

10

11

15

16

17

19

22

24

25

27

Each beam circulating. Key beam instrumentation working.
First collisions at 450 GeV. First ramp (reached 560 GeV).
Magnetic cycling established (reproducibility).

Energy matching.

Ramp to 1.18 TeV.

Experiment solenoids on.

Aperture measurement campaign finished. LHCb and ALICE dipoles on.

Machine protection (Injection, Beam dump, Collimators) ready for safe operation with pilots.

First collisions with STABLE BEAMS, 4 on 4 pilots at 450 GeV, rates around 1Hz.

Ramp colliding bunches to 1.18 TeV

Collisions with STABLE BEAMS, 4 on 4 at 450 GeV, > 10'%per bunch, rates around 10Hz.
Ramp 2 bunches per beam to 1.18 TeV. Collisions for 90mins.

Collisions with STABLE BEAMS, 16 on 16 at 450 GeV, > 10'° per bunch, rates around 50Hz.

Ramp4on4to 1.18 TeV. Squeeze to 7 m.
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First 2009 Beam Circults:
Friday Nov. 20th @ 8.15pm
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= TIMBER v3.1.3 ==
U signin | Data Source preferences: |LDB (PRO->TEST) -> MDB (PRO->DEV) v | Elapsed: 33d1ms
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Measurements of the Beam Orbit

esponse [m1ad)
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| *The LHC is very well measured & understood

| *Excellent agreement between measurements

and model of the LHC accelerator
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Effect of Tides on Beam Energy

nge [per

N,*

Time [days)

fw Bl

*Tides change the circumference of the LHC

For fixed RF frequency, proton energy changes
- | eEffect seen at LEP, important for value of m
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16 Bunches per Beam

F

- | LHC-BCTDC R2 - System A

LHC-BCTDC R1 - System A
BCTDC Ring 1 Updated: 20:58:47
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BCTDC Ring 2 Updated: 20:58:47
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*Eventual aim > 2500 bunches per beam
*Each with ~ 100 greater intensity
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Accelerating 2 Beams to 1.18 TeV

LHC Pagel Fill: 916.0 E: 1180 GeV 14-12-2009 02:40:39

- BEAM SETUP: RAMP __

Energy: 1180 GeV 0.00e+00 1(B2): 7.80€+09

*Smooth increase of magnet current to 2000 Amps
| *Few protons lost during the acceleration




¥ Colliding Beams @ 2.36 TeV ]
1180 GeV 0.00e+00 8.49e+09

FBCT Intensity An exception occured when starting monitoring parameter [LHC.BCTFRAG6R4.B1/Acquisition]
1.2E10 ;

1E104 | . . i RTINS AT B A R A )
8E9-
6E9-
4E9
269

Intensity

OEO

T T T T T T T
02:20 02:25 02:30 02:35 02:40 02:45 02:50
Time

Comments 14-12-2009 04:06:42 : SMP Flags
Expts: can go back to LHC clocks Channel Link Status A-B B-A

QUIET BEAMS until 6h00 Global Beam Permit
Setup Beam

Beam Presence
filling schema: bucket 1 and 17851 in Bl Moveable Devices Allowed In

filling schema: bucket 1 and 8911 in B2 Stable Beams

LHC Operation in CCC : 77600, 70480 MUBS IR ENABLED [MUBSi=IdEN:»A  ENABLED ‘_‘_




Dumping the Beam

16 bunches

_|+Beam is ‘smeared’ across the beam dump,
SO as to spread out deposit of energy




Tense Anticipation ...

.. and tense anticipation..

’ Monday, 23 November, ~15:30 i
..after concentrated preparations.. in the ALICE Control Room |
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... and Jubilation




First LHC Collision in ATLAS

Candidate
Collision Event

A EXPERIMENT

2009-11-23, 14:22 CET
Run 140541, Event 171897

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




First Collision in ALICE Detector
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First Collisions In CMS Detector

CMS Experiment at the LHC, CEF
Date Recorded: 2009-11-23 19:21 CET
P Run/Event: 122314/1514552
g8 Candidate Collision Event

Events recorded: All CMS ON
900GeV: ~400k
2.36 TeV: ~20k




Two-Jet Event In CMS

CMS Experiment at the LHC, CERN
Date Recorded: 2009-12-06 07:18 GMT
Run/Event: 123596 / 6732761

Candidate Dijet Collision Event




Collision in LHCb

I

:
i

8.12. 2009 4:01:07
Run 63567 Event 3 bld 2545




The LHC Physics Haystack(s)

Interesting cross sections
em S rae| o
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V1 input ————

GHz

- {MHz

max HET Inprt -~y

max LV1 output —————

~—4KHz

: max -HLT output ———

A

Cross sections for heavy particles
~1/(1 TeV)?
Most have small couplings ~ &?
Compare with total cross section
~ 1/(100 MeV)?
Fraction ~ 1/1,000,000,000,000
Need ~ 1,000 events for signal
Compare needle
~ 1/100,000,000 m3
Haystack ~ 100 m?
Must look in ~ 100,000 haystacks
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First proton—proton collisions at the LHC as observed with

the ALICE detector: measurement of the charged particle Based on 300
pseudorapidity density at /s = 900 GeV events from 23/11
ALICE collaboration
A Experiment ALICE pp UAS pp [3] QGSM [26] I'Y'I‘H.l:\ (17 PHOJET (8] .
Model (109) 18]  (306) [27]  (320) [28)
= INEI 31040134022 3.09£005 2.08 2.33 2.99 2.46 3.14 .
4 NSD 3.51 40154026 3.43:0.05 3.47 2,83 3.68 3,02 3,61 &
-~ 0 | =
= '5:, : . ISR (pp) INEL :‘
% : 6 « UA1 (pp) NSD -';-
; 4: K . = - = L] LA " N ! UAS (m) INEL
| 4 ¢ ot . & . . 4 . e UAS (pp) NSD 4 i
= | 3 . ‘ .| v CDF (pp) NSD =
= 3| . 4| © ALICE (pp) INEL .
- . » ALICE (pp) NSD [
4 | " &
- 2: " L ]
2 . | 0‘ -
: Vs = 900 GeV 2| . LHC .
1 " ALICEppNSD 4 UA5ppNSD | | Vs = 14 TeV B
ALICE pp INEL UAS pp INEL | =
ol i | 4 : 5 A : : A || A : A A 0 i i a4 ’ - b
-2 -1 0 1 2 )
n 107 10 10‘\8(68\/)

-| Angular distribution of produced particles 4 Total number of produced particles
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- | Angular distribution of charged particles

L l ILEALLLA

CMS Preliminary 2009

Js = 900 GeV

correlated systematic error

® CMS NSD, all three methods combined
2> ALICE NSD
'l UA5NSD

T2

(prilGeVie]

Particle Production seen by CMS

Angular transverse momentum
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CMS Preliminary 2009
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Particle Spectra & Production Ratio

BN ETE

1/N,,, &°N/dp_dn (c/GeV) |

10 , ~a
» NSD, h'+h’, pp, 900 GeV
 ALICE S :
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10'F " .. ) | +_* + + |
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® =
. | 06 _
102 o.. f e p/p ratio
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Y oo 2 s di-quark stopping or gluon junctions
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Towards Heavy Flavours In ALICE

. 160
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Towards Heavy Flavours in LHCDb

| «*x" invariant mass (LHCb 2009 data, preliminary) |

Integral 5718 >
2/ ndf 121.28/95 2 80
Prob 0.035763
constant 93.497 + 3.800
slope  -0.09128 = 0.00720
932.33 + 46.87
497.27 = 0.61
11.074 = 0.586

Integral 375
2/ ndf 49.961/95
Prob 0.99996
constant 4.1092= 0.5318
slope  -0.0061707 = 0.0008967
Nyignal 272.61= 16.89
m 496.98 = 0.30
O 4.5274 - 0.2592
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| p*" x’* invariant mass (LHCb 2009 data, preliminary) I
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threshold 1077.5 = 0.4 ﬂ:reshold 71274.2 242.1
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1114404 5+0.2

3.6836 + 0.3633 1.4068 + 0.2113
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Flndlng Particles in ATLAS

Minimum Bias TVIT X =
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Towards Heavy Flavours in CMS

Fit: 123 +13 events
M=496.7 = 0.7 MeV

(pdg = 497.61)
G =6 MeV

Fit: 28 £7 events
M=1115.7 0.4 MeV
(pdg =1115.68)

G =1.5 MeV
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Rediscovering more Known Particles
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No Higgs yet!

Track eta
Entries 390

Mean -0.007228
RMS 0.5929

CMS 2009 Preli
Uncorrected Dist|

CMS preliminary 2009, 900 GeV data
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ATLAS preliminary
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No Black Holes yet!
CMS 4-Jet Event @ 2.36 TeV

CMS Experiment at the LHC, CERN
Date Recorded: 2009-12-14 05:41 CET
Run/Event: 124120/16701049

Candidate Multijet Event at 2.36 TeV




Even Heavier Flavour in CMS?

|| [E5IS) |

CMS Experiment at the LHC, CERN
Date Recorded: 2009-12-14 04:46 CET
Run/Event: 124120/5686693

Candidate Dimuon Event at 2.36 TeV

\'/ /

o E3[e]

pr(m,) = 3.6 GeV, py(m,) =2.6 GeV, m(mm)= 3.04 GeV




Conversation with Mrs Thatcher: 1982

’ y What do you do?

‘n’ i

."»"

-4 a-?.

Think of things for the | Wouldn tit be
experiments to look R ' better if they

for, and hope they find B found what
something different - you predicted?

R . h
Then we would not 1 ‘

learn anything!
I "IN




