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LHC Main Parameters

Max cm energy TeV for B=9.5T 15. TS

Luminosity cm-2 s-1 X 2.8 10

Number of bunches 508
Bunch spacing . 49.4] 1647 31.5]1105
Particles/bunch i 9.2 1010 30 10! J6.2 107
Particles/beam . 47 10 '3 1.5104 5.0 1010

Number of experiments ' 1

B at interaction point m _ (Px.py) . 1 0.85,0.26 327,305
r.m.s. radius at int. pnt. pm o (xy) 120 . 37

r.m.s. collision length cm . R 38

Crossing angle prad , 0
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D:dipole magnets, Q:quadrupoles, QT+0:combined tuning quadrupole and octupole corrector
BOM:beam observation monitor, S+COD: combined sextupole, and dipole corrector
«: sextupole and decapole correctors '

Layout of the standard half—cell
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D:dipole magnets, Q:quadrupoles, OT+0:comBined tuning quadrupole and octupole corrector BOM:beam observation monitor,
S+D+COD:combined sextupole, decapole and dipole comector, S+0+D:combined sextupols, octupole and decapole corrector.

Layout of the standard LHC half—cell
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Possible Improvements
0.81 TeV/T

0.77 TeV/T

E (TeV)

8.0

7.7

B (T)
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Vacuum vessel |

Superinsulation

Thermal shield (50 to 70 K)

Radiative insulation ( 5 K)

Shrinking cyndr
5 to 10 K gaseous He pipe

LHC QUABRUPOLE : STANDARD CROSS-SECTION
QUADRIPOLE LHL - COUPE TRANSVERSALE

w 7

_| INERTIAL PIPE

| LOLLIERS AMAGNETIQLEES

| CULASSE MAGNETIQUE

HE DUCT
CANALISATION HE

SUPERCONDUCTING COILS
BOBINES SUPRACONDUC TRICES ‘
TUBE DINERTIE

BEAM PIPE
CHAMBRE A VIDE (FAISCEAU)

NON-MAGNETIC COLLARS

v Ve ¢ SRS

IRON YOKE :

SC BUS-BARS
LIAISON ELECTRIQUE SC

| CROSS SECTION OF LHC DIPOLE [

COMMISSARIAT A = |
L'ENERGIE ATomIouE ColZLS |

OSM - DPHPE - STPE | 8

Heat exchanger tube

" Coil

2.2 K liquid He 2 pip

Al collars

1.8 K gaseous He pip

50 TO 70 K cooling channels
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EFFECT OF IRON IN THE LHC MAGNET
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TAP CRYOMAGNET PARAMETERS
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PAGE 1 30-M
MODELS IM AU CERN
]Lo (] (<] Co 1991 FEVRIER 1992
3 { o M 3 A | s | o
209 be b3 4 _u_hh; i |}_h_ 3_Ln__1_ul_7 4 i b2 | |
ETUDES = . -

PLANS DE PRINCIFR

T

PLANS DEDETAIL : 1
FABRICATION DES PIECES PRINCIPA

APPRO.INOX .

FABRICATION 2D

D

LAMINATIONS
CYLINDRE + FONDS+ CLES+... *
ETUDES + DETALLS
PABRICATION
BOBINE (roLes)
{4) 1.5 SCHNRIDER
MESURES

(4) CBRN

DIVERS COMPOSANTS
FLAQUES

ISOLATION DE MASSE

FABRICATION
NOUVELLR PRESSE FRETTAGB

ETUDES

FABRICATION __

OUTILLAGE FRETTAGE
PLANS

PANRICATION

ISOLATION MASSE
BTUDES + DBTALLS

FABRICATION
CULASSE .
PLANS

FABRICATION
SUPPORTS + MANDRIN
FLANS

]
-

FABRICATION

MONTAGE
COLLIBRS

COLLARING e

HNSEMBLE ET FRETTE
CONNEXIONS

TBSTS

1991

6938

CROSS SECTION PROTOTYPE DIPOLE 2/1




®
Lo 16 QCC, o/ Construction de la cellule test
29-JANVIER 1992
wma] 1991 1992 1993 1994
s |0 FMANJJASOHDJFIAHJJASON ) |F | M
1/2 CELLULE
PARTIE ACTIVE
l MASSB TRANSPORT
wmlnnsulm COLLLARI FROIDE CRYOSTAT T
PROTO! N1 —-%\ ,_ Yoo |
PROTO 1 | /] NN ——
rotor A1 ot ool B~
PROTO1 N1 —
PROTO1 N2 N T
MONTAGE SUR POUTRE TBST
ASSEMBLAGE
(4 Prototypes)
A S 0 N 0 J F " A N J J AlS (] L] D {J F L] Al W J 3 A $ 0 J F L]
1991 1992 1993 1994
Feb. 1992

NEW LHC MAGNET MODELS/PROTOTYPES

MODEL

FIRM PROTOTYPE
ALSTHOML.JJ.S. 1 MTA-1 1 MBP-3
ANSALDO - 1 MTA-1 3 MBP-1
ELIN 1 MTA-1,1 MSA-2
HOLEC 1 MTA-1
ELIN/HOLEC 1 MBP-2
NOELL 2 MBP-1
CERN 1 MTA-2

1 MTA-3
CEA-SACLAY - 2 MQP-1
ABB/FBM 1 TAP (Hera coils)
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AT,=T, (P)-Tg
T=2.163 K
P =0.05 bar

T=2172K

Temperature (K)

|
Phase diagram of helium
—
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MAGNET He 11 VESSEL BUS BARS

PRINCIPLE of LHC MAGNET COOLING
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GHe (saturated)
— —

~—— o~ N
—_—— . — N
' LHe (saturated)
"\/ p—
-~ |
.
W -
~ ~~ __ copper (1.2mm thickness)
T m—
HALF.GELL COOLNGLOOP

Somy

BEAM SCREEN 1
BEAM SCREEN 2

THERMAL SHIELD

Fig 4 FLOW-SCHEME OF LHC CRYOGENIC LOOP
MQ Quadrupole magnet LCV Level controlled vaive
MB Dipole magnet ' SRV Safety relief valve

CFV Cool-down and fiil vaive TCV Temperature controlled valve
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DISTRIBUTED HEAT LOADS
IN STEADY OPERATION [W/m]

Temperature 50-75 K 5-10 K 19 K
Heat inleakage* 6 0.4 0.15
Resistive heating - = 0.15
Beam-induced losses** - 1.7 0.01

* no contingency ,
*+ singular heat load of 25 W/50 m not included

PhL/1991
“dryout

140 \r(\ -

120 — .
£ 100 \\
-*g 80 -ﬂ’
T 60 "
(4D 2
'_§ 40 -. — =

20 BT

i O .;.

‘0 05 1 15 2 25 3 35 4 45 5
o -~ wc [W/m]




REFRIGERATEUR D’OCTANT LHGC
PUISSANCES EQUIVALENTES e 4,5 K

LHC marche

' CHARGES

LHC attente -
Réfr. cavi@_és

2 Ecran externe -
. 15.7
LHC installé A " Liquéfaction
Pompage He II .

‘Ecran faisceau -

LEP extension 17,5‘4 )

LEP installé
20
PhL/1992 L . TAVEAM' ;:
Nete LHe T6%
LHC DIPOLE CRYOSTAT
ESTIMATED HEAT INLEAKS [W] -
Temperature [K] 50-75 5-10 1.9
Support posts = 7.3 1.2 0.06
Radiation 496 *» 0.4 2 0.82 »»
Relief valve 1.1 - - 0.24
Instrumentation 0.3 - 017
Total 58.3 1.6 1.29

* 30 layers aluminized film insulation
*+ 10 layers aluminized film insulation

PhL/1991
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TRANSFO

MAGNET PRODUCTION

Wﬁnal toojing

Pre-series

. SCHEDULE OF LHC MAGNET R&D AND START OF PRODUCTION

SCHEMA DE MONTAGE DE-1/2 CELLULE AU SMI8

[ i

1991 1992 1993 1994 1995
COLLIDERS | OPERATION
LEP LEP LEP LEP LEP
R | |
W pair| pr‘oduction>
SHUTDOWNS
MAGNET RqD
Models
Frototypes First set of short models and prototypes
[ JHaif pell
Models
4 Prototypes Second set of shorjmodels and prototypes
Full celt

‘COUVERCLE DB FEMETURE CRYOSTAT

I aRUMMY o - . . g TRAVEE 4
et e e D | (|- o
| 49.9796 -
ALIMENTATIONS
LTI ELECTRIQUES
2
LIGNES CRYOGENIQUES
X TRAVEE 3
LEGENDE
2 quaoavrors © BOTEDAUMENTATION
G QUADRUPOLX D'ACCORD ET OCTUPOLE COMEINES
I  SEXTUPOLE DECAPOLX KT DIFOLE CORRECTEUR . BOITES DE MISE A FROIDE ET
LATERAL COMEINES DE RECHAUFFEMENT
[C] MONITEUR OBSERVATION DXS FAISCEAUX
= @= | ONGUE TIGE
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LHC RUNNING TIME (Arb. Units)
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Figure 4: Geometry of a tapered 400 MHz cavity.
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