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IIporonnsie myuku nonagaroT B LHC n3
PEABAPUTENBHOTO YCKOpUTEIS SPS

JInanm nepenayu nmyuka (T12 u TI8),

ny4ka COCANHAIOIMNEC ABA OTUX KOJbLECBbIX

YCKOPUTEJISI BMECTE CO CIICIHATbHBIMHU
MarHATaMu Ha KaXJIOM U3 HUX, COCTABIISIOT
BMECTE MHKEKIMOHHbIN

koMIiekc komtaiiaepa LHC (ot cioBa
CMHXKEKIIUS» — BIPBICKUBAHUE ITyUKa).

[Tockonbky Ha SPS y4oK KpyTHUTCS TOJBKO

B OJIHY CTOPOHY, HHXEKIITHOHHBIA KOMIIJIEKC
COCTOHUT U3 JBYX JJUHUU U UMEET
HECUMMETPUYHBIN BUJ. B yCKOPUTEIBLHOE KOIBIIO
SPS npoToHbI monagarT U3 UCTOYHUKA YEPE3
LETMOYKY €I1€ MEHBIINX YCKOPUTEICH.



WHKXEKIIMOHHBbIYM KOMIIJIEKC

NHKeKIMOHHBIM KOMILJIEKC — 3TO CJIIO)KHOE MHKEHEPHOE COOPYKEHHUE,
pPaboOTOCIIOCOOHOCTH KOTOPOTO 3aBUCHUT HE TOJILKO OT MPaBUJIbHON HACTPOMKH MAarHUTHOM
CHCTEMBI, HO M OT TOUHOM CUHXpOHHU3auuu putMma padotsl SPS u LHC.

NHxexuus (To €CTh «BIPHICKUBAHUE)
npoTtoHoB B LHC mponcxonut He HEMPEPBIBHO,
a umnyinscamu. Bo Bpems padotrsl LHC nunun
IEpENAYU IYCTYIOT, & B PEABAPUTEIILHOM
yckoputelie SPS HakamimBaeTcsa ouepeaHas
IOpLMS TPOTOHOB. B KOHIE KaXKI0TO LIMKIa
pabotel LHC BBICOKOPHEPTETUYECKUN MMyUOK
cOpachIBaeTCA, U KOJIJIAKIep MOArOTABINBACTCS
K IIPUEMY HOBOM ITOPLIMKA IPOTOHOB. B TeueHue
HECKOJIbKUX MUHYT CJIEIYyET Cepus
VIMITYJIbCHBIX BKJIFOUEHUHN U BBIKJIFOUECHUN
OBICTPBHIX MArHUTOB Ha KOHIIAX JIUHUU
Iepeaadyu MpPOTOHOB, B XOJI€ KOTOPBIX
MTPOTOHHBIE CTYCTKHU MEPEBOAATCA U3 SPS

B LHC u oquH 3a 1pyrum BBICTPanBaKOTCS

HA CBOU «IIO3ULMU» B MIyYKE, HE MEIIas YiKeE
HAPKYJIUPYIOIIAM CTYCTKaM.
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YCKOPUTEJ/IBHASA CEKIIUA

ITporons! BrpeickuBatoTcss B LHC Ha
saepruun 0,45 ToB u yckopsworcs 1o

7 TaB y»e BHYTpU OCHOBHOI'O
YCKOPUTEIBHOTO KOJIbIA. DTOT Pa3roH
MIPOMCXOIUT BO BPEMS MIPOJIETA TPOTOHOB
CKBO3b HECKOJIBKO PE30HATOPOB,
YCTAHOBJICHHBIX B TOUKE 4.

Kpuomonyns, conepkamuii 4eTbIpe
pe3oHnaropa. Ha kaxaplii U3 AByX IIy4YKOB
MPUXOAUTCA ABA TAKUX KPUOMOLYJIS




m do we see particles?

For each collision, the physicist’s goal is to count, track and char-
acterize all the different particles that were produced in order to
reconstruct the process in full. Just the track of the particle gives
much useful information, especially if the detector is placed in-
side a magnetic field: the charge of the particle, for instance, is
obvious since particles with positive electric charge bend one way
and those with negative charge bend the opposite way. Also the
momentum of the particle (the ‘quantity of motion’, which is equal
to the product of the mass and the velocity) can be determined:
very high momentum particles travel in almost straight lines, low
momentum particles make tight spirals.
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m are the detectors at the LHC?

There are seven experiments installed at the LHC: A Large Ion
Collider Experiment (ALICE), A Toroidal LHC ApparatuS (ATLAS), the
Compact Muon Solenoid (CMS), the Large Hadron Collider beauty
(LHCb) experiment, the Large Hadron Collider forward (LHCf) exper-
iment, the TOTal Elastic and diffractive cross section Measurement
(TOTEM) experiment, and Monopole and Exotics Detector at the LHC
(MoEDAL). ALICE, ATLAS, CMS and LHCb are big experiments in-
stalled in four huge underground caverns built around the four col-
lision points of the LHC beams. TOTEM is installed close to the CMS
interaction point, LHCf is installed near ATLAS and MoEDAL is close
to the LHCb detector.

OcHoBHBIMU JieTekTOpamu Kojutaiaepa sBisitorcst ATLAS, CMS, ALICE u
LHCb. IlepBsie aBa, ciry’kaT yCTaHOBKaMM OOIIEr0 Ha3HAYEHUS U
MpeIHa3HAYE€HBI JJIs1 OMCKa 0030Ha XUITCA, CYIIEPCUMMETPUYHBIX U IPYTHUX
AK30THYECKUX YACTHII.

ALICE craBuT 1IE/1bI0 U3YUYCHHUE COYIapeHU YCKOpEeHHBbIX noHOB, a LHCb
BBINOJIHSIET UCCIIEIOBAHKE pacnagoB B-anpoHoB




ALICE is a detector specialized in measuring and analysing lead-ion
collisions. It studies the properties of quark-gluon plasma, a state
of matter where quarks and gluons, under conditions of very high
temperatures and densities, are no longer confined inside hadrons.
Such a state of matter probably existed just after the Big Bang,
before particles such as protons and neutrons were formed. The
international collaboration includes more than 1800 members from
about 174 institutes in about 42 countries (January 2017).
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ATLAS is a general-purpose detector designed to cover the widest
possible range of physics at the LHC, from precision measurements
of the Higgs boson to searches for new physics beyond the Standard
Model. The main feature of the ATLAS detector is its enormous
doughnut-shaped magnet system. This consists of eight 25-m long
superconducting magnet coils, arranged to form a cylinder around
the beam pipe through the centre of the detector. ATLAS is the
largest-volume collider-detector ever constructed. The collabora-
tion has nearly 3000 scientific authors from 182 institutions in 38
countries (January 2017).
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CMS is a general-purpose detector with similar physics goals as
ATLAS, but different technical solutions and design. It is built
around a huge superconducting solenoid. This takes the form of
a cylindrical coil of superconducting cable that generates a mag-
netic field of 4 T. The CMS collaboration consists of more than
3500 scientists, engineers, and students, from 201 institutes in
36 countries (January 2017).

Size 21 m long, 15 high m and 15 m wide.
Weight 12 S00 tonnes
Matenal cost S00 MCHF
Location Cessy, France.
CMS
A Compact Seolenoidal Detector for LHC
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experiment are:

-to explore physics at

the TeV scale

-to study the properties of the
recently found Higgs boson

-to look for evidence of physics
beyond the standard model, such
as supersymmetry or extra
dimensions

e S — -to study aspects of heavy ion
collisions.
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Y CMS kpucTamin4ecKuid 3IeKTpOMarHUTHbIN KanopumeTp (PbWO,) ¢
XOPOIIUM SHEpreTudeckuM paspemenueM. ATLAS ocHaieH CuiibHO
IrPaHyJIMPOBAHHBIM KaJOPUMETPOM C KUJKUM aproHoM (LAr) ¢ xopomum
MIPOCTPAHCTBEHHBIM PA3PEIICHUEM. JKCIIEPUMEHTAIBHBIE BO3MOXXHOCTH CMS
n ATLAS cpaBaumbl. Ha CMS MakcumManu3upoBaaoCh MarHUTHOE TOJIE TIPH
MHUHUMaIn3auu pa3mepon, Ha ATLAS Hao00poT.

Marnurt

I'maBHas nocronpuMmedareabHOCT, CMS — ero MarHur.
DTO cambIil OOJIBIIION CBEPXMPOBOISIIIMN MATHUT,
KOTOPBIN KOIJ1a-1u00 co3aaBajcs. Y HEro ecTh
"Bo3BpaTHOE" sIpMO, OJ1arogaps KOTOPOMY CO37aeTCs
CHJIbHOE MarHUTHOE I0JIe CHapy:ku Oappeins. B 6appene
HaXOJATCSI TPEKEPHI U KATIOPUMETPHI, CHAPYKHU —
MIOOHHBIE JIETEKTOPhI. Korga MIOOHBI TONa1at0T BO
BHEIITHIOIO 00J1aCTh, OHM O] ICMCTBUEM MAarHUTHOIO
IOJIs SIpMa OTKJIOHSIFOTCSI B OOPaTHYIO0 CTOPOHY (CM.
puc. 2). SIpMo CIIy>KUT Takxe GUIBTPOM, MPOITyCKas
TOJILKO MIOOHBI M C1a00 B3aMMOJICUCTBYIOIINE YaCTHUIIbI, B
YAaCTHOCTH HEUTPHHO.

MarauT noaiep>KMUBaeTcs MpU TEMIIEPATYPE KUJIKOTO
reusl.




TOTEM measures the effective size or ‘cross-section’ of the proton
at LHC. To do this TOTEM must be able to detect particles produced
very close to the LHC beams. It requires detectors housed in spe-
cially designed vacuum chambers called ‘Roman pots’, which are
connected to the beam pipes in the LHC. Twenty-six Roman pots are
placed in pairs at four locations near the collision point of the CMS
experiment. TOTEM has more than 160 members from 11 institutes
in 8 countries (January 2017).

Size 8 detectors, distributed over 440 m

Weight 20 tonnes

Design Roman pot and GEM detectors and
cathode strip chambers

Matenal cost 6.5 MCHF

Location Cessy, France (near CMS)

OxcnepuMmeHT TOTEM (Total elastic and diffractive
cross-section measurement) npeaHa3HAYEH JJIsl U3MEPEHUS
IIOJIHOTO MPOTOH-IIPOTOHHOI'O CEYEHUsI, METOIOM
OCHOBAHHBIM Ha ONTHYECKOM TeOpeMe, KOTOPBIN TpeOyeT
OTAEIBHOIO U3MEPEHHUS YIIPYTOIO U HEYIPYTOr'0 CEUEHUM.




