


Tools for High Energy Physics

®Accelerators “ ==
®pDetectors | N
@ Computers




RADIOFREQUENCY CAVITY

S

BENDING MAGNET

FOCUSING MAGNET

VACUUM CHAMBER

< COLLISIONS



Bending magnets

Iron Yoke

® Bending by dipolar magnetic fields
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Focusing magnets

® Focusing by quadrupolar magnetic fields

® One can only focus in one plane (H or V)
at atime so we need to alternate
gradients






e 1 eV =1 electron accelerated by 1 Volt






Injection/ejection systems
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Other components

®@\/acuum pumps
@ Instrumentation
® Corrector magnets
® Safety elements
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Cycles & Supercycles

® Cycle:
e Injection plateau or flat bottom
e acceleration ramp
o ejection plateau or flat top
o field decrease ramp
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PS Supercycle

CPS Supercycle supercycle length: 43.2 seconds (36 BP) May 04 18:23:55

4 Colour range scale 0.49-9 9-225 225-4500 E10 Charges
ZERO

CPS User: TOF 17595 E10 PROTON For: TT2_D3

Beam for Isolde : O E10 BPNM = 19/36 MTG-level = 15
Comments: 04 May 2004 11:40:01
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SPS supercycle
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Cycles & Supercycles

WSPS




Cycles & Supercycles
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Individual extraction lines
each ring of the PSB ’
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L TLarge Hadron € Collider (LHC)
WW~Zinterleaved rin ; 26.7 km
 7TeV;3x1014

Jiﬁ TeViu Pb




Proton beam production for LHC

—LInac2 (50MeV)

—PSB (1.4GeV) 4+2 bunches
—PS (25GeV) 72 bunches

—SPS (450 GeV) 4 x 72 bunches
—LHC (7 TeV) 2 x 2808 bunches
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SPS Magnetic field

SPS particle current
PS Magnetic field
PS particle current
PSB Magnetic field
PSB particle current




SPS Magnetic field

Particle current in SPS

Particle current in one LHC ring




12 injections from SPS to LHC

}!;gtl:h 4-hatch

\ iﬂa\ TR T

SPS = 7/27 LHC

The gaps between trains
are necessary to make
room for rise/fall times of
Injection/ejection/abort
kicker magnets.

PS—1/11SPS | _

The LHC injector chain



Double batch injection from PSB to PS

PSB h=1 (573 nS)
R4 327 nS

R4 R3 R2 R4 R3
® -

1st batch

2nd batch

1.2 Sec. |ater

PS cycle: 3.6 5
LHC mode 2 batch filling PSB hl, PS h7

After 3 sphitting---=PS ejection =

72 bunches and 84 buckets
[M.Lindroos]
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Triple bunch splitting in PS

“Waterfall” representation: V=time, H=position, colour=density

Tomoscope
File View Option Control
Tomoscope

File View Option Control Tomoscope
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Two more bunch splittings in PS

Tomoscope

Help

|

File Wiew  Option Contirol

Tomoscope

LHC25 *** | Jun 12 10:02:25 2007

C Timing

2250

0 20 a0 &0
=

H, Scale 0,5 — n=Spt M Sample= 250 I pt=strace

100

D=lay 12356 ni=

D=lta Turns

M Traces

Timze Span

500
120

124,78 m=

fireaioniiay I EE PR R I Freeze I Forsusrers Suen I




Mev

20

10 §

ar Ll

_ =~ 1







: . > 10 .000%,
U ET



= — 7
hase: 20.0 NS A A0D1NN Wer it . ]
B



1 .24ae—
10 .000
s _—













— — (177
Ihase:

S0.0 nE SOOIV Wert . Socale



1l .24d4=—1
5 .000W 0

Soale

Wert oo

N S ol

VAR

SO0 nms 0T

07
Iha=seae:

Yy —



A 0

rime bhase:

Ine Shot

10.0 s/ DIV

Wert .

Scale

S5.000W,/DT




/2-bunch train ready to be sent to SPS
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Questions ? ...

“frain € :

counter Train C: 650
oo

RF/h :

(mm.mrad) 8.05
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