LHCAD:EZF D#EE V1

WAL (KEK)
2005.4.16 (Version-0) V1(4.20)V2(2011.4.22)

& XXk

[Ref-1] LHC Design Report Volume | : The LHC Main Ring
http://ab-div.web.cern.ch/ab-div/Publications/LHC-DesignReport.html

[Ref-2]




LHCETEI D FER (1)

LHCEHE (X1994F 12 B IZ&ERENT-,

LOALKE-BAXRGEDIEMEE h\bm:éfé’rmjm\iﬁmnw’&
20045 FE TIZE,, = 10TeV, 2008F FE TIZ14TeVD 2EXFE TEER
Té:&téhf:o

1995510 HARIZCKAFE1REFRHMAOFEEK (INZE=:(Z50{2H)
1996.1 ATLAS, CMSEERD K EE,

1996.3  AUFDOELR A (M:EZFIZ$12.5M)

1996.6 O 7 MDEEL1H 1 (67IMCHF detectorid)
1996. HF+3 DIEEXH (INEEZSFIZCanadian$30M )
1996.12 BADFE2REEEH S (MEZRIZI8.HEM)
1996.12 LHCZ 20054 [C—EZfET14TeVTEE T HIRTE




LHCETEI D FER (2)

1997.12 7x'JﬁDOE+NSFl-J:Za§£_:mejJ0)55&%
(MNiREF1Z$200M, HIFEZF(Z$331M)

1998.5 HAMNEIREER B HFEEK (MNEZFIZ50EM),
NTHARDIMERIBHEETE

138.5{2H,
2000.5  LEP-NTC114GeVEYY RFIF D IIEHNH S,
2000.11.2 LEPIMESEDIERIZhHT-2EERER T,
2001.9 LHCEZEX X DB MNME RE,

2001.12  External Review Committee (ERC)ZRXE 9 5,
2002.6 ERCEHE ., LHCHINERZZDSERZF2007FE(ZEE,



FoRIILBEE 27km (3ZF . EHJIRLUFHDOEE 34.5km)



PZ45s

Point 5

PX5¢
PM54 3
=

P M4 §

TX46 uIa7 uJs3

§— P M5 6 Existing
RZ54 ; UXC55
UJ 5 6 Existing

r (J’ uJIs7

Ula6 RA4T
RA43 ‘— ‘

~l k‘ RR57

PILLAR

UL56

Us44 ‘
_ul43 G
“’ln.’- = UL46 UA47

UD62
UA43 e US“ - TUS 6 h \ - -
UW45 uJs61 \
I uP62
Pz 33 MS 162 RA“
RZ33 o . C ; ‘\
Sy

UX45

5 ’/ Point 4
1

75:I\| Point 3.3

n’ P 2

‘I Point 3.2

LHC Tunnel

27 km ring used for Point 7
e*e” LEP machine

Rm PGC2 Point 2

/_ UL24

UI26 ql . :
\‘? > -_¢ uiz6
szs SPS Point 8 RR77
ALICE uJj24 'Qr\ us23 R 1 I::')(.x uwss PX84 UAS3 U]“
RA23 \q . 2 il ,_;GZ“ ~ﬂv
RH23 » o U%xs '
. " > UA87 l P’ /
s uIs7 ULss “ ‘ = AN
\ UJIss \ﬂ’ E UIs4
= | HC Project Structures = Uxss
LHC Excavated Structures LHC ‘B’ ST-CE/ljr
mmsssm | HC Completed Structures (CE) ATLAS 18/02/2002

LHC Completed Structures (CV, EL, HM, MA)

Cost : 2,952 MCHF + 328 MCHF = 3,281 MCHF (~3,000 {&M)
(machine) (exp. area)



LHC Goals

‘ \/S = 14 TeV (7 X Tevatron)
—search for new massive particles up
to m~ 5 TeV

- L =103 cm2 s (>100 X Tevatron)

— search for rare processes with
small 6 (N,,..+ = Lo )
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How to reach 1034cm2s-1 ?

B8 1 B A
N2 6 ( 11)2
|~ f-Ng N 40%x10~ -110 <103 o251

Aroxoy  4x-(164m)?

f (collision frequency) 40 MHz (=1/25ns)
N; (number of protons per bunch) 101
oy X o, (beam cross sections at IP) 16 pm x 16 um
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Ny, : number of particles per bunch =1.15x10"

N, : number of bunches = 2808

8
frey : revolution frequency = ¢ _3107m/s =11253Hz

ling  26659m

7y - relativistic gamma factor = 7000/ 0.938 = 7462.7
gn - hormalized transverse beam emittance = 3.754m - rad

£ : beta function at IP =/0.55m

\

Insertion magnet® AFEMNSETLVS

IZATLAS/CMSDIPTOIE 10




F : crossing anglelZ & 4 geometric luminosity reduction factor
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LuminosityMEFR

- nonlinear beam-beam interaction|Z & Atune shift
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beam opticsMbDRF ¢ <3.75um ZANT
Npunch < 0.015/3=0.005-47 - &, /1y =1.5x10™
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Low-B interaction pointD{&&

single bore magnets double bore magnets

d [
< »

ATLAS Triplet Q absorber 188mm

v

~70m
E—LRDBEDI=HDFAR—IL (&R

opg7m O Q2 03| DI EEG c':w: Efl
; ET Y (] e,
r 2| -
Ll ERE
T A\ lun] 32 an bl s
) | >

FermilabZ Minsertion quad (205T/m,1.9K, 5.5m)

KEK & ®Minsertion quad (205T/m,1.9K, 6.3m

N\ — R R A LRRY

E1ZE 2 (ATLAS Tldvertical3c . CMSTIXhorizontal 3 &)

18



B2 mETIHTODcoil winding KEKT®D1.9K T hhki - i35 8 5E

HATI8EZREL T LI=#{EE Insertion Quad
FermilablZEiESIN LB IS4 AR 2V N A IAHF

19



o0 kAt

BBFIMERELTIZILHCA IO T /OO ST ARISEC A IESRTH S,
— iR (CF FpTHRIABEEM. TRIILF—EDHFIX1FET

_2ohc( E

Uo

A

m

~ 2.1/137-197|MeV -fm |27 ( 7000

J |

3-2804m 0.938

4

J

6.7 keV

CCTIREAR—ILRT RO REE p=2804mER ALz, 1T HY
DoAY BFOEIRILF—IL,

Psr =UgNgN, f =6.7 keV/-2808-1.15x 10 -11253/ s ~ 3900 W

FEH

Longit. € damping

Total SR power/beam
ArcER TDenergy loss
Energy loss per turn

Photon critical energy

Transv. e damping time

Io3AF~DETR
450 GeV 7 TeV Pl
0.066 W 3886 W
0.22 W/m 7 TeVTI&
0.11 eV 6.7 keV Ve
0.01 eV 43.13 eV E—LGHIC
time  5.5yr 129h «—— ®RiLD !

11 yr
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Electron Cloud Effects (BEFEZEFHE) 2
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7.0 TeV (450 GeV)
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25 nsec. 40 MHz
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3.6 kW /ring, 6.71 keV/turn
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