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http://lhc.web.cern.ch/lhc/Cooldown_status.htm

eptember
2008. The first beam in
the Large Hadron Collider
at CERN was
successfully steered
around the full 27
kilometres of the world’s
most powerful particle
accelerator at 10n28 this
morning. This historic
event marks a key
moment in the transition
from over two decades of
preparation to a new era
of scientific discovery.


http://cdsweb.cern.ch/record/1125846
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[MaHopama LUIEPH ¢ Bugom Ha Globe. B6nn3mn HaxoanTcs rnaBHbIN
Bxoa B LUEPH (cnesa) un HazemHbin komninekc ATJIAC(cnipaBa)
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Pe3ynbTaThl nepson Heaenu padoTtsl BAK

— LHC progress report, week 1

Geneva, 18 September 2008. After a spectacular start on 10 September, the LHC
enjoyed a mixed first week of commissioning with beam. To get beams around the ring
in both directions on the first day exceeded all expectations, and the success continued
through the night, with several hundred orbits being achieved.

The next step in the commissioning process is to bring in the radio-frequency (RF)
system that keeps the beams bunched, rather than spreading out around the ring, and
will eventually accelerate them to 7 TeV. The RF system works by ‘capturing’ the beam,
speeding up the slower moving particles and slowing down the faster ones so that the
beam remains bunched into fine threads about 11 cm long. Without it, the beam quickly
dissipates and cannot be used for physics.

On Thursday night, 11 September, beam two, the anti-clockwise beam, was captured
and circulated for over half an hour before being safely extracted from the LHC. The
next step is to repeat the process for beam one, and that is set to begin this week.

The intervening time has been spent recovering cryogenic conditions after the failure of
a power transformer on one of the surface points of the LHC switched off the main
compressors of the cryogenics for two sectors of the machine. The transformer,
weighing 30 tonnes and with a rating of 12 MVA, was exchanged over the

weekend. During this process, the cryogenics system was put into a standby mode with
the two sectors kept at around 4.5 K. Since the beginning of the week the cryogenics
team have been busy re-cooling the magnets and preparing for operation with beam,
which is currently forecast for today. The next stage of the commissioning will be single
turn studies using beam one, followed by RF capture and circulating beam in both rings.

The LHC is on course for first collisions in a matter of weeks. Next update 24
September at the latest.
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Incident in LHC sector 34

Geneva, 20 September 2008. During commissioning (without beam)
of the final LHC sector (sector 34) at high current for operation at 5
TeV, an incident occurred at mid-day on Friday 19 September
resulting in a large helium leak into the tunnel. Preliminary
investigations indicate that the most likely cause of the problem was
a faulty electrical connection between two magnets, which probably
melted at high current leading to mechanical failure. CERN’s strict
safety regulations ensured that at no time was there any risk to
people.

A full investigation is underway, but it is already clear that the sector
will have to be warmed up for repairs to take place. This implies a
minimum of two months down time for LHC operation. For the same
fault, not uncommon in a normally conducting machine, the repair
time would be a matter of days.

Further details will be made available as soon as they are known.
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[TapameTpbl ocHoBHOro gmnonsa bAK

Main Dipoles

The main budget item and a serious technological challenge are the
superconducting (1.9 K) dipoles which bend the beams around the 27 km
circumference of the LHC. At 7 TeV these magnets have to produce a field
of around 8.4 Tesla at a current of around 11,700 A. The magnets have two
apertures, one for each of the counter-rotating beams. Each one is 14.3 m
long. A total of 1232 are needed.

Vertical B field in the dipole bends the beam round via the Lorentz force

Need very strong magnets to get the high energy beam around the circle.
Superconducting (1.9 K) dipoles producing a field of 8.3 T - current 11,850A

2-in-1 magnet design.

Bending magnets (dipoles): 14.3 m long. Cost: ~ 0.5 million CHF each.
Need 1232 of them

Quads etc to keep beam focused and the motion stable

Stored magnetic energy up to 1.29 GJ per sector. Total stored energy in
magnets = 11GJ

One dipole weighs around 35 tonnes.
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@ Layout of beam path o)
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Goals of beam test oo

Duraticn Ih;am'rl.'r #shots | [Imtensity PCmnmarls
h P B

1 E:I'n?' SR CICRIX RS i) RO L 4 SE+09 100 50E+11  [TDIin, protecting Alice

Trajectory acquisition commissioning, E+ 5 1 0E+12 To :
2 trajoctory ction, threading L SE+09 oo 0 o IR3 collimators
3 |Momentum matching (i required) 1 SE+09 50 23E+11

RECYCLE & recowar 2z

Data used for, coupling, BPM
4 |Kick responsa 3 SE+09 K] 1.5E+12 polarity checks, comector
polarity chacks

5 |[Injection region apertune 3 SE+09 00 1.5E+12 T in, protecting Alice
€ |Screens 2 SE-+09 50 2.5E+11
T |Desparsion 1 SE+09 200 1.0E+12  |Pibumps. BLMs, BCT
8 |Check BLM system SE+09 100 E0E+11
9 |Higher order polarity checks 3 SE~+09 130 T.5E+11
10 |Aperture - oscillations 4 SE+D9 300 1.5E+12
11 |Aperture - sliding bumps where required L] SE+09 150 T.5E+11
12 |Momentum aperture 2 SE+09 100 S.0E+11

Effects of magnetic cycle, varations during )
13 i SE-+09 100 S50E+11 =

decay, reprocuc ity '

TOTAL 43 2100 |8.0E+12 nto TCP

|DAYS 2 5.0E+11 onto TDI

M. Lamont: http AMhe-injection-test web_cern.ch/fhe%% 2Dinjection%2Dtest!

5. Redaell, CME Comm, 12-08-2008
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First trajectory (after a few corrections)
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Beam position monitors (BPM’s) triggered at the first passage (asynchronous acq.)

Orbit correction to £ 10 mm in both planes within a few shots!



First optimized trajectory
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Peak-to-peak: £ 3 mm (LHC design specs: £ 4mm!)
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LHC Project Report 44 (1996)

Indeed, we quenched a main dipole in the

"The intensity of the bunch shall therefore not be | region Q8—Q7 left of IP3 with a pilot

much larger than 3 10™9 protons."

beam of less than 4 x 10%p!!




Arc aperture measurements
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Horizontal arc aperture of 18-20 mm!!
Vertical limitation at Q8/Q7-L3 of about 10 mm.

5. Redaslii, CMS Comm, 12-08-2008
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@ Access system looks good
@ Very good condition during the weekend
CRYO, QPS, PIC, BIS, power converters
= Aperture looks very good
O No significant limitations found in the arc 23

O Bottle neck in injection region now fixed
O No time to measure the insertions

@ Optics looks good
O Small phase advance error in arc
O Something suspicious left of 3.

@ Instrumentation looks very good
O BPMs in asynchronous mode
O BLMs up and running from first shot
O Screens elc

@ Magnet model looks good
@ Controls/Databases looks good (some features...)
@ Beam transfer, RF synchronization looks good

IS Comm, 12-08-2008



For physicists and many news media, it was fantastic to be here at CERN to witness the startup of the
LHC. At 10:25am (CERN time), after only an hour of tuning the beam, they circulated the beam all the
way around the 27 km ring. This was seen as a cross-section of the beampipe in which one dot was the

injection into the ring and a second dot was the beam returning to that same location (see the photo).
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http://atlas.ch/news/images/stories/lhc_first2.jpg

OTHOCUTENbHbIE pa3Mepbl My4KoB B
obnactn coygapeHun B Touke P1 (ATJIAC)

Relative beamn sizes around IP1 [Atlas) in collision
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A luminosity profile and expected machine upgrades

Expected integrated luminosity is a key
ingredient relating to recommendations

6000
000
New injectors /
£ 4000 + IR upgrade
§ phase 2
g 3000 == Rang
z i Ay (G
" e
| £ 2000 - —
S8 o ogoag
CEERERY
Linaca + IR
upgrade
phase 1
Collimation Integrated luminosity
phase 2

T. Wyatt, LHCC, 2 July 2008
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JkcnepumeHmsbi BAK (LHC)

@?‘ LHC EXPERIMENTS
ﬁ

ALICE & Large Ion Collider Experiment at CERM LHC

ATLAS & large Toroidal LHC Apparatus

C S The Compact Muon Solenoid

bl bl L an Experiment for the Large Hadron Collider at CERM

LHCb Large Hadron Collider beauty experiment

TOTEM Total Cross Section, Elastic Scattering and Diffraction Dissociation at the LHC

LHCT




CxemMa pa3mMmelleHns yCTaHOBOK

The Large Hadron Collider (LHC) is being built in a circular tunnel
27 km in circumference. The tunnel is buried around 50 to 175 m.
underground. It straddles the Swiss and French borders on the

outskirts of Geneva

BEAM
CLEANING

EEAM




ALICE

* [louck HO8bIX cOCMOSHUU Mamepuu —
KeapK-2/1l0OHHOU r/ia3mbl,

* VI3ydyeHue pacrpocmpaHeHUs1 KeapKos 8
A0epHou cpeoe;

» [louck KomnnekmueHbkIX 3gbghbeKkmoes 8
A0epHoM seuwecmase u m.o.



OcobeHHoCcTN n3yvyeHns A-A coygapeHunm

[pwn aHeprum LHC Bnepsble npouecchl B bonbwnmn P, , byayT numetb
3HauMTenbHbIN BKNag B cedeHne AA coyaapeHuin. Ctpyn ¢ bonbLlummmn P,
CTaHyT NPOOHMKOM N3yHeHns KBapK-ritooHHOM nnasmel (QGP, unun KI'T1).
BaxHo, 4TO MeToAbl BblAENEHUS CTPYN U aHanu3a dyayT conocTtaBuUMbI C
OAaHHbIMUW ONF pp coyaAapeHuin n He3aBUCUMbIX namepeHnn AA coygapeHunn
Ha ATLAS, CMS 1 no3sonaTt adoeKkTMBHO noaaBnsiTe OOH.

Ha cerogHs ycTaHOBMEHO CyLLeCTBOBaHME NoAaBIieHUs BbIXo4a YacTuy, C
Bonbmmu P, n Koppenaumin no asumyTtanbHOMY Yy BbifieTa 4actu,
OTNNYUSA B CTPYKTYpe CTPYM B A0EPHOM BeELLECTBE (3a CHET NOoTepb 3HEpPruu
napToHaMu B MIOTHOM BeLLECTBE MNyTeM UCMYCKaHUS MIHOOHOB B
COOTBETCTBUMU C NpeackasaHusmu neptypdaTtusHon KXL).

ATLAS n CMS nmetot 6oree moLuHyto B cpaBHeHun ¢ ALICE kanopumeTpuio n
cMOoryT namepatb cTpyun 0o 350 3B B LeHTpanbHbIX COyaapeHnsX MOHOB
ceunHua. ALICE ncnonb3yeT MOLLHYIO CUCTEMY LIEHTPanbHOro Tpekepa c
9NeKTPOMarHUTHbIM KanopumeTpom ans namepeHus ctpym go 200 MaB.
[Mpenmywecteso ALICE cocTonT B M3MepeHnmn 4acTtuL, 1 CTpymn C
OTHOCUTENbHO ManbiMu P, n ngeHtudukaumm yactuu. byaet BO3MOXKHO
namepeHne gpparmeHTaumMoHHbIX YHKLMW OO0 ManblX onen nMvnynsca u
onpenenaTb CoCTaB CTPYU, T.€. n3yyaTb AOCTATOYHO TOHKME 3P EKTDI.



Obuwuu suo ycmaHosku ALICE

* Aerial view of the
ALICE site in Saint-
Genis-Pouilly,
(France, Ain), 2 km
from CERN and the
Swiss border




ALICE detector
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ALICE B KoHLE cOOpKM




N3obpaxkeHne nepsoro codbbiTns B ALICE

 On the evening
of June 15,
2008, ALICE
physicists saw
the first tracks
at LHC during
the first
injection test in
transfer line TI
2. The Silicon
Pixel detector
recorded muon
tracks produced
in the beam
dump near Point
2 of the LHC.

« ©CERN



http://cern.ch/cern-copyright

[lepBble cOObITUSA
Ha ALICE

Beam 2 was circulated for a while in
the night 11/12 September.

In the figure, one of the few clean
events with 7 tracks from a collision.
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http://aliceinfo.cern.ch/Public/Objects/Chapter1/Dainese/beam2_58338chunk3_ev27_a.gif
http://aliceinfo.cern.ch/Public/Objects/Chapter1/Dainese/beam2_58338chunk3_ev27_b.gif

MopaenupoBaHue coygapeHus saep cBUHLA




LHC b

Mccnenytotca pacnagbl ¢ U b-kBapkoB C
TOYKKN 3peHunsa nposepkn CM n nomck
HOBOU (PU3UKN Yepe3 BUpTyanbHOE
NpoaBfeHne HOBbIX YacTul, B
XapaKTepucTukax pacnagos.



LHCb ocobeHHOCTH

 OnTmanbHag cBeTUMOCTb <L> = 2-1032

4yTO obecne4vnBaeT poxgeHue 1012 bb nap B roa
(107cek).

o Tpurrep addeKTUBEH KakK aONs NENTOHHbLIX, TaK U
aflpOHHbIX MOA, pacnagos.

 BoamoxHa ngeHtudumkauma nMoHOB U KAOHOB
npu nmnynecax ot ~1MaB/c go ~100I'aB/c

* BblcOkOe BpeMeHHOe pa3pelleHne ans
n3MepeHunsa ocunnnaumm B cucteme B,-me3oHoB

« ACUMMETPUSI CTOJTIKHOBEHUM



LH C b — aKcrnepumeHm 07151 U3yYeHusi ceolicme
cuMMempuu rpocmpaHcmea u Mmamepuu

« The VErtex LOcator is the part of the detector closest to the
collisions at the LHC. Its sensitive elements are Si detectors and
during operation these are only 8mm away from the beam. Its
proximity to the interactions allows physicists to observe the decays
of short lived particles. called B-mesons.

_________ Ds . |SignalB




The VELO is a precise particle tracking detector which surrounds the proton
proton collision point inside LHCDb. It is composed of 42 silicon "modules”, which
are spread along both sides of the proton beam (21 each side). The whole
device is about a metre long.

« Cxema getektopa n VELO



http://hep.ph.liv.ac.uk/~tara/lhcb_outreach/lhcb.jpg
http://hep.ph.liv.ac.uk/~tara/lhcb_outreach/velo.jpg

VELO-LHCDb
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LHC b

* TpaHcnopTupoBka VELO  « Cnyck B waxry
K yCTaHOBKE B TOYKe 8







FIRST EVENTS FROM LHC
at LHCb

At 17:30 on Friday 22 August
2008 the LHCb VELO
recorded events from an
injection test at IP8. About
1/4 of the VELO detector
was turned on and events
were immediately
reconstructed. First couple of
events are shown below.

CoObiTHne
OHA


http://lhcb-public.web.cern.ch/lhcb-public/en/Detector/VELO-en.html

AHanorn4yHoe coobiTmne




BbiOpoc YacTuL, B OETEKTOP
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LHCDb


http://lhcb.web.cern.ch/lhcb/News of pit8/Pictures/FirstBeamDayLHCbControlRoomAlbum/slides/DSC04184.html
http://lhcb.web.cern.ch/lhcb/News of pit8/Pictures/FirstBeamDayLHCbControlRoomAlbum/slides/DSC04139.html

TOTEM

 Total Cross Section, Elastic Scattering
and Diffraction Dissociation at the LHC

The TOTEM experiment will measure the total pp cross section and study elastic scattering and diffrac-
tive dissociation at the LHC. More specifically, TOTEM will measure:

* the total cross-section with an absolute error of 1 mb by using the lnminosity independent method.
This requires the simultaneous measurement of the elastic pp scattering down to the four-momentum
transfer of —t =z 1073 GeV? and of the inelastic pp interaction rate with an adequate acceptance in
the forward region:

* elastic proton scattering over a wide range in momentum transfer up to —t = 10 GeV?;

* diffractive dissociation, including single, double and central diffraction topologies using the forward
inelastic detectors in combination with one of the large LHC detectors,

TOTEM was proposed in 1997 [1]. Having received favourable consideration from the LHCC and the
Research Board, the Collaboration prepared a Technical Proposal [2] in 1999 in which they identified
CMS as the optimal host experiment for TOTEM.
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As noted above, TOTEM has to measure the inelastic pp interaction with adequate acceptance in
the forward region. Two tracking telescopes, T1 and T2, installed on each side of the IP in a manner
compatible with the CMS detector, will provide this coverage (Fig. 1.1). The T1 telescope will be
placed in the CMS endcaps, while T2 will be in the shielding behind the CMS Hadronic Forward (HF)

calorimeter. T1 and T2 add charged particle tracking and trigger capabilities to the CMS experiment

over a rapidity interval 3 <| n |< 6.8. A fully inclusive trigger, including single and double diffraction,

can be provided with an expected loss in the inelastic rate of less than 5.

T2 CASTOR

Figure 1.1: The TOTEM detectors are installed in the CMS forward region
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Table

Tabnuua oxmnaaeMblx 3Ha4eHUn oBLLNX NapaMeTpoB pp-

Ohbservable

PYTHIAG.214 -

PHOJET1.12

(M high —Yigw Jx 100

‘-"-En'u
tuned
Timt (mb) 101.5 119.1 17.
Teias (mb) 22.5 34.5 3.3
Trad (mb) 65,7 T3.58 12.3
Mintmum bias Predictions
(Ten) 91.0 69,6 30.7
dNqp /dry plateau ~ 7.0 ~ 5.5 27.3
for || < 2.5
dNcp /diy at 13 =10 6.8 A1 33.3
(pe) at =0 (aav) 0.55 0.64 16.4
neee (|77 < 15) 158.4 115.1 37.6
par pp avant
Dot (|7 < 2.5) 60,9 455 33.8
par pp avant
Underlying Event Predictions {approz. values)
(Neng) 6.5 3.0 ~ 115
P‘f]th - ].D E':l:"i':
I;fptl ) 7.5 3.5 ~ 115
Pryjoe = 10 GeV
dNer /dn for 20.0 13.3 ~ 120
P‘f]th - ].D C':Eﬁ'l-'
UE,/Min-bias 4 2 100

Pry., > 10 GeV

10. PYTHIA6.214 - tuned and PHOJET1.12 results for pp collisions event generation at /s = 14 TeV.




LHCF — rnposepka mooesieu 83auMooelucmaeus

yacmuuy Kocmudeckux nyded ripu 1077 3B

To understand these high energy cosmic ray phenomena,
knowledge of the energy distribution of particles emitted
in the very forward region in hadronic interactions is
iImportant. Some of the data could be interpreted quite
differently depending on the interaction model. We are
installing LHCT detectors at +/- 140 m from ATLAS IP and
measure high energy photons and neutrons produced
near zero degrees. The LHC energy is equivalent to 1017
eV laboratory frame energy. Therefore, the measurement
will give an important clue to judging the validity of
nuclear interaction models used in Monte Carlo
simulations of air showers induced by ultra-high energy
cosmic-rays, and thus give a milestone for understanding
cosmicray phenomena up to the GZK region.
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ATLAS n CMS — aKkCnepuMeHThbl
oboLwero Ha3Ha4YeHus

3adayu:

* YmouHeHue napamempos CmaHOapmHou MOoOesnu u
rnpeoersios ee ripumeHumocmu, Hosas chusuka;

« UccnedosaHue ceolicme msxeslbiX K8apKos;

* [louck 6030H08 Xuz2aca u cyriepcuMmMempuYHbIX
yacmuu;

* W3yyeHue acpgpekmoe CP HapyuweHus,
* [louck cmpyKkmypbl K8apKo8 U 5ierimoHo8 u m.o0.



CMS

« The CMS experimentis 21 m long, 15 m wide and 15
m high, and sits in a cavern that could contain all the
residents of Geneva; albeit not comfortably.



Cxema akcnepmmeHTta CMS




CTpyKkTypa yctaHoBkn CMS

CMS Solenoide
| | | | | 1 1 |
0m im m im 4m 5m Bm fm

Key:
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Silicon
Tiackes
Electromagnetic
}”' Calorimeter

Hadran
Calorimeter

Suparconducting
Solenoid

Iran return yoke intersparsed
Transverse slice with Muor chambers
through CMS

T Barvay, CERN, Felwigeey 2004




O6u_u/||2 BUA yctaHoBkM CMS

n:lru., .. .
y )‘-t '[“' " . g.. \:

:IJ-‘.

# wﬂm ||||I‘Els” %

'_F_F




One of the first images from CMS, showing the debris of particles
picked up in the detector's calorimeters and muon chambers after the
beam was steered into the collimator (tungsten block) at point 5

The energy deposits in the electromagnetic (pink) and hadronic (blue) calorimeters are
visible. Hits in the resistive plate chamber muon (RPC) system in green and drift-tube
(red) are also seen



http://mediaarchive.cern.ch/MediaArchive/Photo/Public/2008/0809005/0809005_01/0809005_01-A5-at-72-dpi.jpg
http://mediaarchive.cern.ch/MediaArchive/Photo/Public/2008/0809006/0809006_01/0809006_01-A5-at-72-dpi.jpg




LleHTp ynpaBsneHuna ATLAS

* 10 ceHTa6ps1 2008




ObOLecTBEHHbIN Ppe30HAaHC

» Despite — or perhaps because — of the court case, a
record number of visitors came to CERN. A total of
76,000 people arrived at CERN over the weekend,
31,000 of whom went underground to view one or more
of the experiments and the tunnel.

* As expected, ATLAS was one of the most popular sites,
with queues to visit the detector itself snaking out onto
the street within half an hour of opening on each day. A
total of 5,700 individuals were able to go underground -
2,200 friends and family of CERN staff on Saturday, and
3,500 members of the public on Sunday.

Strangers photographing the ATLAS detector are a familiar sight for those

working down in the pit. But last month, things were a little bit different: the

detector was being photographed in preparation for its Hollywood debut in
the dramatisation of Dan Brown’s best-seller Angels and Demons.



,U,J'IFI I'onnMByna
L

iy




[lepBble YacTuubl OT B3aUMOOEUCTBUS
nydka B yctaHoBke ATJIAC

e

http://atlas.ch
first beam event seen in ATLAS



OTknukn petektopos akcrepumeHTa ATJIAC

ATLAS 2008-09-10 10:33:52 CEST event:liveXML_87764_49821 run:87764 ev:42891 geometry: <default - Atlantis
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3apernctpmpoBaHHoe cobbiTue B TRT

http://atlas.ch

beam halo event seen in ATLAS




LieHTpanbHaga Yyactb TRT




Track from cosmic ray event detected by SCT @ l/pient
and TRT systems =

- AR SR G0 e ST o4 geamsty “e ), Major milestone in the detector

commissioning: combination of DAQ, online
and offline software.

. A Moraes St. Goar; |8th March 2008.
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