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Beam transfer systems at CERN’s
accelerator complex.

Design, construction, installation and operational considerations of
normal conducting magnets and electrostatic deflectors in high
vacuum and high radiation environments.

Cuctemu 3a TpaHcep Ha YacTuuuTe B
komMmnnekca yckoputenu Ha LLEPH.

MpoekTupaHe, KOHCTPyMpaHe M eKcnsoaTtaumus Ha HOpMarsHo
NPOBOAALLM eNIeKTPOMarHuTu U enekTpocTaTuiHn aedrnekropm B
paguoaKkTUBHU Cpeau U B YCIIOBUSI HA CBPbXBUCOK BaKyyM.

MupocnaB AtaHacoB TE-ABT

MU3non3BaHn matepuanu ot M. Barnes, B. Goddard, J. Borburgh, T. Masson, S. Gibson
04.10.2016



Technology Cmna Ha J'IopeHLl

Department

OCHOBEH MHCTPYMEHT 3a HanpaBnsBaHe U
NPOMsIHA Ha eHeprusaTa Ha enekTPUYEeCcKm

3apeaeHn YacTuum.
F=q|E+(vxB)]

» F ¢ BeKTOpbT Ha cWIIaTa,

» E ¢ BEKTOPBT Ha €IEKTPHUECKOTO 1101 (BOAT/METHD);

» B e BEeKTOpBHT Ha MarHWTHAaTa UHIYKIHUSA (TeCna);

» ( € 3apsaabT Ha yacTuiara (KyJIoH);

» V € BEKTOPBHT Ha CKOPOCTTA Ha YacTUIaTa (METhP/CEKYH/Ia);

» X MMOKa3Ba BEKTOPHO MPOU3BEICHUE

M3Boa: mopaay HAMMIMETO HAa BEKTOPHO MPOU3BEICHNE, MarHUTHATA
KOMIIOHEHTA Ha CUJjIaTa He U3BBPIIIBA padoTa, T.€. HEe BOJM JI0 MPOMsHA Ha
KMHETHUYHATa €HEePrys Ha YyacTUllaTa — U3MOJI3BaMe S 3a IIPOMsIHA Ha
TpaekTopusTa. EjekTpruueckaTa KOMIIOHEHTA NPUI0KEHA HAIIPEYHO BOIU
710 TPOMSHA Ha TPACKTOPHUATA, @ HAJIJILKHO — JIO MPOMSHA Ha
KMHETHUYHATA CHEePIusl.
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|\/|aFHI/ITHa KOMIMOHEHTa Ha CVNaTa

MpaBuno Ha AAcHaTa pbkKa

Curl fingers as if
rotating vector v into

vector B. Thumb is in
the diraction of force. F = q (V X B)

Point thumb in direction of

velocity, fingers in magnetic

fleld direction. Then palm
direction is direction of

force on charge,

/

South S

pole of
magnet

Force is in direction
that thumb points.

Force direction is
outward from palm.

Ref: http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magfor.html

Neorth

pole of
magner

3ap9|,El,'bT ce ABMXU B paBHMNHATA Ha JIUCTa

KO>keH MmarHMTeH nonwc

(OTKJIOHEHHE HAJISIBO) O
vl 0=

+C

/
V

(oTKIIOHEHUE
HAJISICHO)




Technology EJ'IeKTpVI‘-IeCKa KOMI'IOHeHTa Ha CUJ1aTa

Department

[1pOTMBONOMNOXHUTE
3apagu ce npusnuyar!

3apsaabT ce ABMXKKW B paBHUHATA Ha NUCTa,
TpaeKkTopusiTa Ha YacTuuara
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Technology Tpchcbep Ha ‘-IaCTI/ILI,I/ITe

Large Hadron Collider

Super Proton Synchrotron
Antiproton Decelerator

Isotope Separator Online Device
Proton Synchrotron Booster
Proton Synchrotron

LINear Accelerator

Low Energy Ring

CERN Neutrino to Gran Sasso

LINAC 4

T :
n-ToF PS
[ 2001 |

. 4 CTE3
neutrons . O ‘e‘
Leir

LINAC 3
lons

2005 (78 m)

Heobxogum e
TpaHcdep mexay
oTAEenHUTEe MaLUuHU

« YckoputenuTe ca C orpaHMyYeH anHaMmnyeH obxear;

« 3a gocTuraHe Ha BMCOKW eHeprim ca HeobXoaMmMmn cepust YCKOpPUTENW;
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3a HHKCKTUPAHC HJIK CKCTPAKTHUPAHC Ha
HJaCTUOUTC CC U3I10JI3Ba KOM6I/IHaLII/I}I oT

OBbp30ecTRall ,,KHKBD“ U ,,CeTYyM". T'bH'bK C enTyM

[Tone Ha
centyma

Technology Tpchcbep Ha Nbya (CHona) LIaCTI/ILI,I/I

ExkcTpakTupaH
CHon

Bbp3ogencrealy OTEESI:IGH N
KUKbP .
. >
(UHCTanupaH B Linpkynupaty PernoH 6e3
LMPKYNMpaLLms CHon MarHUTHO
CHon) none

LMPKYNMpaLLust CHOM YacTuum.

* Kukbp — 6bp3ogencraall, eniekTpoMmarHiT gasall, Manko HavasrHoO OTKIOHEHWE Ha
cHona (HAKonKo mrad) 3a OTKITOHSIBAHE Ha TpaeKkTopudaTa B MNOSIETO HA CENTYyMa;
« CenTtym — npounseexaa AoCTaTb4yHO CUITHO MarHUTHO MNosie 3a OKOHYaTENMTHOTO
OTKINOHEHME Ha CHora, KaTo rnoneTtaTta Ha pa3cenBaHe He TpsAbBa Oa BUSAT Ha
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Centym (cenrTa B MH.Y) € YYaCThK, pa3JaeIIsil ABE MPOCTPAHCTBA
(Hamp. B MEIMIIMHATA — YacTTa HAa HOCA pa3Jieisiia HO3JPUTE).
B yckopurtenute cenTyMbT pa3zieis iBa peruoHa ¢ pa3jindHu

IoJICTA.

Permon A

be3 Hanuuue Ha moJjie

(Eo=0 & B,=0)

WALIID))

Pernon B

PernoH ¢ XoMOreHHoO 11oJjie

(Eg#0 or B, #0)

BaxkHa xapakTepucTuka Ha “centa’ ycTpoucTBaTa € OTCbCTBMETO Ha nore
B pErMoHa Ha LMPKynupaLlmnsi CHOM, 1 XOMOreHHO nore BbB Bb3ayllHaTa
mexauHa. [lebennHarta Ha centyma TpsibBa Oa € Bb3MOXHO Han-Marka 3a

HaMalndBaHe Ha cuJjiata Ha KUKbpa
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Linpkynupaly cHon
[Mognopa
g

S~ -

EnekTtpop

ExkcTpakTupaH
CHon

EneKTpOCTaTMLleH CerlTyM

TUunNn4YHU NapamMmeTpu:
» dbmkuHa Ha enekTpoaa: 500 —
3000 mm;

* LLinpnHa Ha mexxgmHaTta (d) npomeHnuea:

10 - 35 mm;

» lebenunHa Ha cenTyma: <=0.1 mm;

* Bakyym (10 to 1012 mbar);

» HanpexeHwue: go 300 kV;

* IHTEH3NTET Ha eNeKTPUYECKOTO Morie;
no 10 Mv/m;

» CenTtym oT MonnbaeHoBO OnNMo nnu
BoNippam-peHNEBU HULLIKU;

« Enektpon oT aHogM3npaH anymMmmnHuu,
HepbXaaema CTOMaHa UM TUTaH 3a
CBPBbX-BUCOK BaKyyM;

* I3nnyane oo 300 °C 3a nocTuraHe Ha
BakyyMm OT nopsabka Ha 1012 mbar;



Technology EneKTpOCTaTVNeH CerlTyM
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nepanymaH, Tpe N

CbC XPOMOB: g MonndaeHoBoO

KucenuHa : nedennHa 100
KpOHa
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Mognopa 3a centyma,
Aencrtealla kato Papageen
Kadpes 3a LnpKynmpaLimsa cHon

_.;m(“ff 1




Technology EJ'IeKTpOCTaTI/NeH cenTym

Department
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Tecmlon EneKTpOCTaTquH CenTyM (ZS B SPS)
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C-obpaseH
MarHMTonpoBoA

|\/|aFHI/ITeH CerlTyM

CenTym npoBOgHUK
C MHOro BUCOKa
TOKOBA MNbTHOCT
(o 100 A/mm?)
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[OpHa yacT Ha
MarHuTonposoga BakyymHa kamepa

Y,

3a OTKJTOHEHUA CHOT

‘ CenTymM NpoBOAHMK

\ BaK;/?MHa kamepa

3a UMpKynupaLwms

\ CHoOn

‘ /_'z
ObpaTteH NpoBOAHMK

X
[lonHa 4YacT Ha marHMTOoNpoBOAdaA

cenTym

3axpaHBaH ¢ noctosiHeH Tok (8o 10 kA).

OB6WKHOBEHO MHOrOHaBMBKOBa HAMOTKa 3a
HaMaldBaHe Ha TOKa.

HamoTkaTa 1 MarHuTonpoBoa ce CbCTOAT OT
ropHa 1 JjonHa 4yacT 3a ja ce ocurypu
Bb3MOXHOCT 3a NocTaBsAHe Ha BaKyyMHaTa
Kamepa

Panko BbB BakyyMm.
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BoaoHo oxnaxnaxe
Linpkynupaly cHon

EnekTpunyeckn
BPb3KM

Technology |_|OCTOFIHHOTOKOB eJ'IeKTpOMaFHI/ITeH
centym (SMH61 B PS)

TUNUYHU XapaKTEePUCTUKMU:

» IbnmkuHa Ha marHutonposoaa: 400 -
1200 mm:;

* Bb3aoywHa mexguHa: 25 - 60 mm;

» [lebennHa Ha cenTyma: 6 - 20 mm;

* I3BLH Bakyym;

 liInxToBaH MarHMTONPOBOA,
 MHOroHaBMBKOBa HaMOTKa C BOAHO
oxnaxagaHe(12 - 60 I/min.);

 Tok: 1 - 10 KA;

» 3axpaHBaH OT yrnpaBnsieM U3NpaBuUTEST;
» KoHcymaumsa: 10 - 100 kW !,
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MarHuTonpoBsoa O6paTeH MPOBOAHUK

i

Centym

/ MPOBOAHMK

{ Hupkynupauy
CHOI

TKITOHEH CHOI

I'IyncmpaLu eJ'IeKTpOMaFHI/ITeH CenTyM

3axpaHBaH C rnony-cmHycomga c
noniynepuoa oT nopsiabka Ha 3 ms.
HamoTkaTa e ¢ eqHa HaBMBKa 3a
HamansiBaHe Ha MHOYKTUBHOCTTA U BOOHO
oxnaxgaHe.

TpaHcopmaTop Mexay 3axpaHBalums
ONoK n marHuTa.

NHCcTannpaH BbB BakyymM CbC CMCTEMA 3a
NpPeUM3HO NO3NLIMOHUPAHE CrPAMO
LMPKyNupawmsa nbu.

NHcTannpaHeTo BbB BakyyM rnomara 3a
HamansiBaHe Ha Pa3CTOSAHMETO MeXay
cenTymMma v umpKynupawms b

Bucokn ctonHoctn Ha
enekTpoanHaMnU4yHUTE CUNN — U3NCKBaT
cneuunarnHa cuctema 3a pukcmpaHe Ha
HamoTKaTa u abcopbupaHe Ha
BUbOpaunute



oy I'IyncmpaLu eJ'IeKTpOMaFHI/ITeH CenTyM
(SMH16 B PS)

TUNUYHN XapaKTePUCTUKMN.

» dbmkuHa Ha marHutonpoBoaa: 300 —
1200 mm:;

* Bb3aoywHa mexgmHa: 18 - 60 mm;

, AR » le6benuHa Ha centyma: 3 - 20 mm;
""f-i::'ifj’ _ | - Bakyym (~10° mbar);

L+ U - LLuxToBaH marHutonpoeog (0.35 - 1.5 mm);
« EQHOHaBMBKOBA HAMOTKa ¢ BOOHO
oxnaxgaHe(l - 80 I/min.);

* Tok (nony-cuHyconga): 7 - 40 KA,

» 3axpaHBaH C pa3ps Ha KoHOeH3aTop,
HacnarsaHe Ha 181 1 3TN XapMOHUK U
aKTUBHM PUNTPU 3a yBENMYaBaHE Ha
CTabUNHOCTTA;

200 °C

NudpadepseHa namMna 3a nannyade 4o

CeHsop 3a Centym  EkpaH 3a
onpegensiHe LMPKYNUpaLLms
MOMOXXEHMETO Ha CHOM YacTuum

cHona



[T)echnology I'Iyncmpam eJ'IeKTpOMaFHI/ITeH CenTym (SI\/IH42 B PS)
epartment

TepMoaBOVKHK

LnxToBaH
MarHMTonpOBo,q

Cuctema npyxumHm
oT 6epunmeB 6pPOH3
3a abcopbupaHe Ha

BUbpaummte

CenTym C TBbpPAO
XPOMOBO MOKpUTHE
3a yBenu4yasaHe Ha
MexaHu4yHaTa sIKocT

MocpebpeHa
eQHOHaBMBKOBA
MeaHa HamoTKa C
BOOHO oxnaxaaHe
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TpbOMYKKM OT HEpBXAaeMa CTOMaHa,
BMOXEeHW B MacaTa Ha meaTta

JInct enekTpoTexHmnyecka
CTOMaHa 3a MarHMTonpoBoaa

CenTym NpoBOOHMK

Kananu 3a
noctaBsiHe Ha
CTOMaHeHuTe
TpbOMYKM 3a
OoXnaxkgaHeTo
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3aBbplLUeHa HaMOTKa, CrnoeHa C TBbpL,
NpuUnon BbB BakyyM
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Technology Lambertson cenTt M 3ad I/IH>KeKTI/I dHe
Department
mecwsi g L HC (MSI)

TpaHcepHa nuHna ot SPS Linpkynmpay
LHC cHon

CenTtyMbT Agecnekrtnpa cHona
XOPU3OHTANHO HaAACHO;

KukbpbT gednektupa BepTukanHo
BbpXYy LeHTpanHata opobuTta Ha LHC.
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3m abcopbep oT KapboH n
rpaduT B HENocpeacTBeHa
Onn3ocCT 40 cHona YacTuum
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www.cern.ch



A Technology XI/I,EI,pO,EI,I/IHaMI/NHO yHeJ'II/IaH B Meu,

 TE
oy e Ha cHomn oT SPS*

*EkcnepumeHT HiRadMat B SPS, cHumku F. Burkart



Technology XI/I,EI,pOLI,I/IHaMI/ILIHO TyHenmpaHe B Men
 Department Ha cHon oT SPS*
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*EkcnepumeHT HiRadMat B SPS, cHumku F. Burkart
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