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Географическое
положение



Схема кольца ускорителя БАК

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


10 сентября – старт БАК • Geneva, 10 September 
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 10h28 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


Центр управления БАК в момент запуска



Globe – информационный
центр ЦЕРН

Панорама ЦЕРН с видом на Globe. Вблизи находится главный
вход в ЦЕРН (слева) и наземный комплекс АТЛАС(справа)



Результаты первой недели работы БАК
– 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.



Проблемы:
• PR09.08

20.09.2008
• 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.



Монтаж коллайдера
Вид тоннеля – сектор 81 Соединение секций

магнитов



Параметры основного диполя БАК

• 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. 





Диполь БАК

•

http://lhc-machine-outreach.web.cern.ch/lhc-machine-outreach/images/sm180002.JPG


Тесты пучка БАК в августе 2008г.





Изображения пучка в области инжектора











Итоги тестов августа 2008г.



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).

http://atlas.ch/news/images/stories/lhc_first2.jpg


Относительные размеры пучков в
области соударений в точке Р1 (АТЛАС)



Перспективы БАК



Эксперименты БАК (LHC)

LHCf



Cхема размещения установок

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



ALICE
• Поиск новых состояний материи –
кварк-глюонной плазмы;

• Изучение распространения кварков в
ядерной среде;

• Поиск коллективных эффектов в
ядерном веществе и т.д.



Особенности изучения А-А соударений
При энергии LHC впервые процессы в большими Рt , будут иметь

значительный вклад в сечение АА соударений. Струи с большими Рt
станут пробником изучения кварк-глюонной плазмы (QGP, или КГП). 
Важно, что методы выделения струй и анализа будут сопоставимы с
данными для рр соударений и независимых измерений АА соударений
на ATLAS, CMS и позволят эффективно подавлять фон.

На сегодня установлено существование подавления выхода частиц с
большими Рt и корреляций по азимутальному углу вылета частиц, 
отличия в структуре струй в ядерном веществе (за счет потерь энергии
партонами в плотном веществе путем испускания глюонов в
соответствии с предсказаниями пертурбативной КХД).

ATLAS и CMS имеют более мощную в сравнении с ALICE калориметрию и
смогут измерять струи до 350 ГэВ в центральных соударениях ионов
свинца. ALICE использует мощную систему центрального трекера с
электромагнитным калориметром для измерения струй до 200 ГэВ. 
Преимущество ALICE состоит в измерении частиц и струй с
относительно малыми Рt и идентификации частиц. Будет возможно
измерение фрагментационных функций до малых долей импульса и
определять состав струй, т.е. изучать достаточно тонкие эффекты.



Общий вид установки ALICE

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



ALICE detector



Установка ALICE июнь 2006г.



ALICE в конце сборки



Изображение первого события в 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


Первые события
на 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. 

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


Моделирование соударения ядер свинца



LHC b
Исследуются распады с и b-кварков с
точки зрения проверки СМ и поиск
новой физики через виртуальное
проявление новых частиц в
характеристиках распадов.



LHCb особенности

• Оптимальная светимость <L> = 2·1032

что обеспечивает рождение 1012 bb  пар в год
(107сек).

• Триггер эффективен как для лептонных, так и
адронных мод распадов.

• Возможна идентификация пионов и каонов
при импульсах от ~1ГэВ/с до ~100ГэВ/с

• Высокое временное разрешение для
измерения осцилляций в системе Bs-мезонов

• Асимметрия столкновений



LHC b – эксперимент для изучения свойств
симметрии пространства и материи

• 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.



The VELO is a precise particle tracking detector which surrounds the proton 
proton collision point inside LHCb. 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. 

• Схема детектора и VELO

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


VELO – LHC b



LHC b
• Транспортировка VELO
к установке в точке 8

• Спуск в шахту



Он же после сборки детектора



• 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.

Событие
дня

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


Аналогичное событие



Выброс частиц в детектор



• 10 сентября
Эксперимента

LHCb

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



Параметризация сечений :
полного, упругого и неупругого



Предсказания для средней множественности
заряженных частиц





Схема электроники ТОТЕМ



Таблица ожидаемых значений общих параметров рр-
взаимодействий при14 ТэВ и диапазон их неопределенностей



LHCf  – проверка моделей взаимодействия
частиц космических лучей при 10^17 эВ

• 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 
important. Some of the data could be interpreted quite 
differently depending on the interaction model. We are 
installing LHCf 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. 



Монтаж детектора LHCf



ATLAS и CMS – эксперименты
общего назначения

Задачи:
• Уточнение параметров Стандартной модели и
пределов ее применимости; Новая физика;

• Исследование свойств тяжелых кварков;
• Поиск бозонов Хиггса и суперсимметричных
частиц;

• Изучение эффектов СР нарушения;
• Поиск структуры кварков и лептонов и т.д.



CMS

• The CMS experiment is 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.



Схема эксперимента CMS



Структура установки CMS



Общий вид установки CMS



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


ATLAS



Центр управления ATLAS

• 10 сентября 2008



Общественный резонанс
• 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. 



Для Голливуда



Первые частицы от взаимодействия
пучка в установке АТЛАС



Отклики детекторов эксперимента АТЛАС



Зарегистрированное событие в TRT



Центральная часть TRT
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