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Linac2:
33 m,50 MeV, 1978

L/C (m),Energy after
acceleration, Commissioning
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BhelRrotoniBeamiStaris Heéere

o The source cage houses the HV platform at 90 kV.

\\\\\\\\\\

Source
model

(1tol)

Beam
path to
RFQ

3th February 2014 CAS@Chavannes 7



PuoplaSmatron SBroton Solirce-

ARC SUPPLY HT SUF:J:LY 90kV
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J
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] Proton beam @ 90 keV
to the RFQ

HOT CATHOD

INTERMEDIATE ELECTRODIF

magnetic

Protons (at 90 keV) are produced by creating a
plasma using H, which is charged due to

P+ interaction with free electrons from the cathode.
@e' The plasma is then accelerated and becomes an
. @ H> ion beam.
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] Proton beam @ 90 keV
to the RFQ

HOT CATHOD

INTERMEDIATE ELECTRODIF

magnetic

Protons (at 90 keV) are produced by creating a
plasma using H, which is charged due to

P+ interaction with free electrons from the cathode.
@e' The plasma is then accelerated and becomes an
. @ H> ion beam.
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« RFQ is a linear accelerator that FOCUSES, BUNCHES & ACCELERATES

IENii Ii i% w.r.t. 50% of conventional accelerators) and

* The whole beam dynamics depends upon the shape of the vane tips

with HIGH EFFIC
PRESERVES THEC(
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adioMRreguency Ouadrupole {RFO)),

™
o = minimum cdistance from axis
ma = maximum distance from axis
m = modulation factor
\

Originally 750 kV
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750 keV
RFQ (1.75 m, 200 MHZ)W =y
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DTL (Alvarez structure |1945)

[

RF ot
generator I Bho
I

Drift tubes and spacing become
larger as the energy increases
Focusing quads inside drift tubes

— o ——
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Pulse of beam ~100 us long every 1.2 s
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RSPIB0OOSCH

Eext=1400 MeV

\T
Isolde

n s m%g’_glj AN
v &

N
STRA2Gu2RL NGBHZITTS

C=154m |
Commissioned in 1972

2
.

Ein=50 MeV "ZXeis

* Synchrotron with 4 vertically
stacked rings, each /4 of PS
Circumference

™
Linac2 * Duty cycle 1.2 s = two cycles
needed to fill the PS with protons
for LHC
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Pulse from LINAC2=]00 us

4 Pore,
st inject. @xo ; Q/.ect /o /
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Pulse from LINAC2=]00 us
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Pulse from LINAC2=]00 us
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Pulse from LINAC2=]00 us

( x
3rd inject. @XOL

ey
b

@
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Rin=oOMeVACS1 54

(.

X

td
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\_

e.g. 3-Turn Injection
(up to 13-turns
possible)

Circulating beam

Transverse Ph

- The bigger the number of turns the more intensity we can accumulate
- The problem is that the longer the injection takes, the more time the particles have to fill the whole
available phase space + SPACE CHARGE =>» emittance increases =» beam size increases

- The Booster is the machine in the LHC Injector Chain where the transverse brightness of

the LHC beam is determined
Brightness = Intensity/Emittance

3th February 2014
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The first Alternating Gradient Machine!

Isolde

%0 1970-1976

-

First evidence of weak
Linac?2 neutral currents (Z°)
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RrotonsSynohrotron{BS)

BOOSTER (1.4 GeV) = PS (26 GeV) = SPS (450 GeV) & LHC

. Combined-function
BOOSTER (4 rings) magnets (QFQDB)

BOOSTER to PS
2x125s)

@ Two injections from

h=7 (6 buckets filled + | empty)

h=1 All operational beams cross transition
(Transition energy 6.1 GeV)
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RrotonsSynochrotron {BS),

Longitudinal bunch splitting =» Reduce voltage on principal RF harmonic and simultaneously

rise voltage on multiple RF harmonic = several type of RF cavities needed

SPS

25 ns f Up to 4 injections from PS of 72 bunches

72 bunches

h=84  JUUWUNUUNNUOURNUIRN 84 buckets

\ I2x25 ns -over the rise time
ection Kicker

v |\| | 8 bunches

_ L 21 buckets
h=21 SRR 26 GeV

KA A

\ 1.4 GeV
A
\
- 6 bunches
h=7 .
' 7 buckets

PS Two injections from
h=| BOOSTER to PS

BOOSTER Nominal 25 ns beam production
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StpeniRrotoniSynchrotron (SPS)

North area

MthArea
L ~ 7 km, 450 GeV, 1976

Vers
Grand Sasso

New Facilities: HiRadMat and AWAKE* (*under construction) 0/2)

SppS E
.4 L
. has probed the inner structure of protons
investigated matter antimatter asymmetry

searched for exotic forms of matter

e a‘l'rated' |
/ : P
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PangeshadroniColliderdIHC) |

Liquid Cold

Superconducting cables of Nb-Ti Nitrogen  compressors

B
=
.
P

.
>
<
‘.)-.

.
"~

L

LHC ~ 27 km circumf. with 20 km of

superconducting magnets operating @8.3 T.

An equivalent machine with normal
conducting magnets would have a
circumference of 100 km and would
consume 1000 MW of power = we would
need a dedicated nuclear power station for
such a machine. LHC consumes ~ 10%

nuclear power station
3th February 2014

P [kPa]

(N (Y

He gas =» liquid @ 4.2 K = superfluid
@ 2.17 K\ \

10000 —
SOLID ‘/%/
1000 \
\ A line
Hell Hel

100
Pressurized He II’ 4 /

10 /
Saturated He II %\' po int
1 #

1 1.9 K 10
TIKI
LHC Requires
» 90,000 T of liquid Nitrogen
» 130 T of Liquid Hellum to keep it cold
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l'angeshadoniColliderd VHC)

@ 9

{\
b

Geometry of the main diPOIES (Total of 1232 cryodipoles)%“é \"“’l

Heat LHC DIPOLE : STANDARD CROSS-SECTION

exchanger

Beam pipe (Ultrahigh
beam vacuum 10-1° Torr
like at 1000 km over sea) Tallbrs

Cold bore non-
magnetic
austenitic steel

Do,
-

Beam Screen

(Stainless Steel He Vessel
+ Cu)
Thermal
36.9 mm Iron shield
yoke
Vacuum
vessel (10¢
mbar)
L~I15m
83T, 11.87 kA

CAS@Chavannes T = |.9 K, ~275 ton



PangedadroniColliderdEHOC)
LHC arc cells = FoDo lattice™ with

~ 90° phase advance per cell in theV & H plane

106.90 m

T

MSCEB

BPM

¥y MCS
MO, MQT, MQS

LHC TDR

- MB: main dipole
| MQ: main quadrupole

- MQT:Trim quadrupole

~ MQS: Skew trim quadrupole

~ MO: Lattice octupole (Landau damping)
| MSCB: Skew sextupole +

Orbit corrector (lattice chroma+orbit)
MCS: Spool piece sextupole

MCDO: Spool piece octupole +

| Decapole

| BPM:Beam position monitor

The FoDo-Lattice

A magnet structure consisting of focusing and defocusing quadrupole lenses in
alternating order with nothing in between.

(Nothing = elements that can be neglected on first sight: drift, bending magnets,
RF struciures ... and especially experiments...)



June 1994

ECFA-CERN workshop
Qg Chann el T

High High Hodnraty
a L onl
Hedarahe Modsrate !
3.E B.E BE
®

approved by
council (1-in-2)

1. Introduction

This analysis was stimulated by nef
large op snd pp ecolliders are acti-
Indeed, a firat look at the hasic parfalSS g
pp tings in kthe LEP tunnel seema over: §
pnssible start of sueh a p-LEP praject
discuss im, in Fagk, rather ebvlous, bu
af our knowledge, not been presented so

first full scale prototype dipole

June 2007 First sector cold

April 2008

Last dipole down

|7 MARS 2005 -

DIPOLE
n° 616

November 2006
1232 delivered

September 10, 2008

First beams around

25


http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394

August 2008

First injection test

?® Sept. 10,2008

First beams around

Repair and Consolidation

2008 2009

2009

eam back

March 30, 2010
First collisions at 3.5 TeV

November 29,

& [ aTlaSkrimnary CLsLimis £ o0 *
g [ — Observed ] "E l #
;E 10 if’:p:cmd JLm:w.o-z.a ' E .
d £ [+2e \s=7TeV : f
® 3
o» i
s "
Bta  gopmmnadeb
May '12
May 29 12 p-Pbe2*
o | Ramping New O .
3.5x10%33, 5.7 fb- Performance ew Operation
° Mode
/ irst Hints!!
PRELIMINARY {-10% scale) i
: = mmrm gls —2012,8TeV, 2281
. June 28 2011 I
i 1380 bunches §' ] .

‘°° March 14t | : ,,_/://
October |4, 2012 (R RN e e
2010 Restart Nov. 2012
L= 1x10%32 with Beam End of p* Run |
248 bunches T

Pb82* lons

November 2010

November
2011
Second lon Run

)
LSI



http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394

Dilling iha LEC gom)

25 ns 50 ns 25 ns
(2012)
(deS|gn) (201 2)#

Inject 4+2 bunches Eject 72 bunches 1.2
10

I ow-energy BUs™ j, =7

High-energy
= BU

15 20 25 30 3
Triple splltting after 2nd in]ectiont A ISplit in four at flat top energy
1\ 140 W T R

Energy per beam [TeV]

Intensity per bunch [x10''] .15 1.2 RN | |
Norm. Emittance H&V 3.75 1.8 2.7 ifﬁi I
[um]
— Each bunch from the Booster divided by 6 — 6 X3 x2 x2 =72
#
Number of bunches 2808 1380 N.A. The 25 ns PS production scheme (2012)
B* [m] 0.55 0.6 N.A.#
Peak luminosity [cm2s'] | x 1034 7.7 x N.A# <
1033 e N
\ € \
. LHC filling pattern (2012)
2 0.8
2 0.6-
€ 0.4
3 0.21
=
50'00 lﬂlllﬂll lSI'll]Il ZIJI'HIII 25000 35000
<€ Bucket # >
| 380 bunches over 26.7 km

# The 25 ns was only used for scrubbing and tests in 2012
3th February 2014 CAS@Chavannes 27



High G HOTHEREY ear s

ATLAS event display: Higgs => two electrons & two muons
1400 clearly identified Higgs particles “on-tape”

3th February 2014 CAS@Chavannes



PinacdSSRenlacing IAnac2

Linac4 : Approved in 2007 as a replacement to Linac?2

o Energy 160 MeV (cf S0 MeV in Linac2) Doubles the [Sszleciestzigechnbislcnahtis
limit at injection into the PS Booster

o H- Injection : CERN is one of the few labs still using p*

o Connection to PSB depends on finding a ~8 month shutdown of LHC after

2015 e LB} 50 Mev = 160 MeV
| 0.31%*1.12=0.35 0.52*1.37=0.70

| AQLlNAc4/—= 0.5AQLINAC2
T
d ) '
Exy
with N, : number of protons/bunch
£y y -NOM. transverse emittances

Present 50 MeV R : mean radius of the accelerator

Linac2

45 keV 3 MeV 50 MeV 102 MeV 160 MeV
H- source : RFQ : : ;

chopper

Delivers 40 mA
pulses at 2 Hz

3th February 2014 352.2 MHZ




HeNnjection

From LINAC4

.\ Stripping foil
(99% efficiency) 8

%i
{
v

Displaced
BOOSTER Orbit
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el njection’

From LINAC4

.
Stripping foil (99% efficiency)
Circulating p+ j“:::::_‘_lé:_‘_‘::::.‘_‘?:\ g
e
Displaced
BOOSTER Orbit

Injection chicane dipoles:
Bump off after injection to

preserve the foil from

unnecessary heating

But AQLinAc4(160Mev) = 0.5AQLINAC2(50MeV)

3th February 2014

Injection in the same -
phase space region!!!

rifEirbukion - tum 3
f I
|
|
1 J
! r;

P

/

Emittance better preserved

Not possible with LINAC2
The most important plus! = since we can afford a SPACE CHARGE AQsoMev =

AQ,. o

N, R

Exy 187/2

CAS@Chavannes

NLLNAC4 = 2 N LINAC2!!1)
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3 Detlef Kiichle
londChain' i

:
| 1
|
n

Small sliver of solid
isotopically pure 208Pb is
placed in a ceramic crucible
that sits in an "oven"

= A |
?._ The metal is heated to around 800°C and
wus jonized to become plasma. lons are then
o =

extracted from the plasma and

accelerated up to 2.5 keV/nucleon.

Pb29+

The source can also be set up to deliver other species...
Ar and Xe being prepared for the SPS Physics programme

CAS@Chavannes 32



. Stripping foil Pb29+ =» Pb54+ j /h

Strlpplng Eff|C|ency is 20%

- —

= Interdigital-H (IH) linac [Tl | s -..- Pb29+ 25 keV/nucIeon < I3
42 MeV/nucIeon willl % ; PN gy e NS '

pectrometer to select Pb29+

— 2 /)ﬁ /\
o 2y
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15 F

10 ¢

=10 k

lonSChain s

o iEnergy don Ring (LEIR)

INJECTION, dispersion~10m

E3DHRVOL

Doz

ECOOLING, dispersionOm

%,

o

QDN22
Qruzz

KMn2:z24

-15

-10 -5 0

] 10

LEIR Accumulates the 200 ms pulses from Linac3 into 2 bunches
Electron Cooling is used to achieve the required brightness
Acceleration to /2 MeV/nucleon before transfer to the PS

LEIR Cycle is 3.6 s
The Pb54+ is finally fully stripped to Pb82+ in the transfer line from PS to SPS

3th February 2014
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ANTIMATTER'S
GONE MISSING ..

WHEN DID THIS
HAPPEN, SIR?
ABOUT 15
*Qé ‘ E
A\ nAGO . e

CAS@Chavannes 3th February 2014



ElistonylofitheAntiproton Pecelerator ohdins

Isolde

| B o - . East Hall

Antiproton
Decelerator
3.5 GeV

1A Hydrogen
ever produced
e+

Low Energy

Linac2 Antiproton Ring
1983 - 1996

5
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AntiprotoniDecelerators D,

Built in 1999 (from the old AC)
26 GeV/c PS Proton beam produces p
(I in 107) which are focused and
captured in the AD and decelerated to

100 MeV/c (5.3 MeV)

2.0

0.3
0.1

€
Cooling is crucial!!?» ¢ = [f———
(,By)rel

Stochastic cooling
6.6 s. Tune jump

Electron cooling
8s.

Rebunching
Fast Extraction

pbar injection Proton tar'get
Bunch rotation
Stochastic cooling

17 s.

iridium target

Electron cooling
16 s.

Design Duration

Actual Duration

12(10) 35(33) 54(52) 71(58) 85(60) time [sec| aluminium end plug
RF ON: = = == — =
RF h= 6 1 1 3 1
Beam bunched for deceleration (RF ON), debunched for cooling ’378]‘:8()‘1"'{':

water circulation
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ADNGOUL

e C ~200 m P
\ ] e T@u‘;z:: N
IS
Target Area Sy % e 1
S Y, (P A j? ;A A\
T ey
Future Elena )
yost-decelerat
L e
=1 _Ir r ° ASACUSA
/ Experlmental Antiprotonic helium -)mF-,
Electron Cooling Area ALPHA ATRAP
2011 H trapped 2002 first glimpse
for 16’ inside H
AEGIS
I** meas. of gravitationa
effect on H

BASE(")

P magnetic moment

(1) In construction 9
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RPlenatteMoreiDeceleration !

injection

€ ’\)Q Degrader foil ol
6'8\5 (Efficiency=0.1%)

L

5.3 keV 5 keV

BMH

ELENA will overcome this problem + will be
able to deliver beams almost simultaneously to all
four experiments resulting in an essential gain in total

ELECTRON
COOLER

beam time for each experiment.This also opens up
the possibility to accommodate an extra
experimental zone.

10.0m

Under Construction
A second stage of deceleration after
AD Momentum: 100 - 13.7MeV/c In oper-a'l'ion 2017
Kinetic :5.3 - 0.1 MeV

3th February 2014 CAS@Chavannes 39



ISOLDE SC in 1967 (until 1990) | EXS} EJ EMQ&MI Areas SISOLDE

ISOLDE PSB in 1992

Ek‘m < 60 kev’

= Low mass isot

-
COLIARS

GPS: Global Purpose Separator N ext
HRS: High Resolution Separator

E'E-'Sﬁégﬁb';izh LAl HIE-ISOLDE (+SC RF): Ekin < 10 MeV/n = A <200
¥ PHASE I: 2015 2 5.5MeV/u (On track)
PHASE 2: 2017? = 10 MeV/u PHASE 3 (+ chooper)
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RS¥Expenmental Areas SEast Elall

Study the influence of galactic cosmic
rays on the Earth's climate through
the media of aerosols and clouds

Detector
Calibration

Proton
& neutron
irradiation
facilities

Electrons, Hadrons & Muon:
Max |-2E*° particles per sp|II nToF

Resonant Extraction with a o
spill length of ~400ms -

3th February 2014 CAS@Chavannes
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S~
-—

Study of neutron-induced reactions

| | ~Transmutation
S ;\ / of nuclear
Symmetry
y Stellar Breaking in
. Nucleosy compound

" \ ‘ 20 GeVic thesis 0 ™
Experimental . e roton beam == nudlel-

Area

Sample

«— Neulron-Beam

0
=

2nd Exp. area under Neutron source

construction Proton Beam |~ _
Spaliation 20 6$;/.'c 3
| Targot 7x10% ppp
~f——— Neutron-Boam | & S 2

10° production angle L

Each primary proton
produces ~300 neutrons
Eneutron @?meV - GeV

The neutron kinetic energy is determined by
time-of-flight



ﬂ
&

SRS¥Exnenmental’

CALET Calorlmetrlc Electron Iel‘(_a‘s_rcope

l’ ®

Russian regular satellite
Clarlfy the Cosmic Rays origin

;;;;;;

COMPASS: Common Muon and Proton Apparatus for

Si Clnhe

sﬁnﬁlard Model / a

Structure and Spectroscopy

mn l‘n Zm

3th February 2014

asHINorth: Area:

had ron bea{ms

7 beam lines (tot:5.8 km)

3 experimental halls

~ 2000 scientist/year

Slow extraction

3 primary targets

lon physics program:
(Be,Ar, Xe)

North Experimental Area

HiRadMat

A\ [\
\A

Awake (ex CNGS)

s
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SRSIxnenmental Areas HALOake €5 ONGS

Neutrino Oscillation of vp to vr:

= Up to now: only measured by disappearance of vpu
o I CNGS: appearance experiment
E = ’1 = = =

-5
~

==

O
)
0
4]
(721
-
@
—
V)

neutrno beam
| measure
produce 732km tau-neutrinos
muon-neutrinos Sion -4

Ended in 2012 after 5 years of physics run: 81% of 22.5E'? (approved)-p+ ¢
~2 v_/year

Proof-of-principle: —> Inject 10-20 MeV electron beam

—> acceleration of electrons to multi-GeV energy
range in the wakefield driven by protons.

—> first proton driven PWA experiment world-wide

, = /§

&llm \/‘l“\x 1

B T

. &
m\\-“ iy Proton Beam
L\ Ly

B MO
1Y p “‘ "
1 SN N
,h\‘ wetl L)
- » LI Wt
o U g
) J .
¢ e o A e e L
< n W . '” a4
|

»rgd
Awake (ex CNGS)
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pS D, oy —)HiRadMat
SD.\V IE) ‘ < ’ mgnlﬂl ;mllil ) High—RadigcgcoMatearials

Current and Future Accelerators operate HiRadMat is a facility designed, to study the impact

with higher energy, higher intensity, smaller  ©f intense pulsed beam on materials

size beams. = Thermal management

, . = Radiation Damage to materials
LHC nominal beam (2808 bunches with 1.5 * Thermal shock — beam induced pressure

01l p+/b at 7 TeV) energy = 362 M}/beam » waves n
=>» energy equivalent to

> 41! <4 oy ! AP
Ekin(@l5§‘A0,

3th February 2014 CAS@Chavannes



—)HiRadMat

g‘ \b Lﬁmgnn nzal " rziz's ) High-Radiation to Materials

Current and Future Accelerators operate HiRadMat is a facility designed, to study the impact

with higher energy, higher intensity, smaller
size beams.

LHC nominal beam (2808 bunches with 1.5
1011 p+/b at 7 TeV) energy = 362 MJ)/beam
=>» energy equivalent to

Simulation: 8 LHC bunches @5 TeV impacting a
Tungsten collimator jaw

21990403
20630403
19278403
1.791e+03
1.6560+403
15618e+03
13026403
1.246e+03
1.110e+03

97386402
8.376e+02
7.015e+02
5.6530+02
42920402
29306402

T [ [ T77TT]

3th February 2014

Ejected W fragments

of intense pulsed beam on materials

Thermal management
Radiation Damage to materials
Thermal shock — beam induced pressure

Groove height

. “North

‘ . Experiment
‘Nb=72 (50 ns) , alArea
Ibeam=9.34"x 10'2 "\

Beam size=0.53 x 0.36

Awake (ex CNGS)



.

365 A-2100bof 2.33nC
14 ps 150 MeV

Drive Beam Accelerator

X2
Delay loo
P00p Drive beam
generation
scheme

CLIC goal:
Drive Beam 100 A, 239 ns
2.38 GeV =240 MeV
Main Beam |.2 A, 156 ns

9 GeV = |.5TeV

RF Power Extraction & Teat-stonc
Transfer Structure (PETS)

X5
Combiner Ring
84 m

Drie beam stability bench marking |
Decelerator Test Beam Line }—\

| CLEX

o \_— 35 A - 160 MeV
.?i%—- AU
@ Two-Beal Test-stand 10 MeV Probe

CLIC sub-unit Beam Injector

3th February 20]4
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CHRS N (M estdaculity e @b

365 A-2100bof 233 nC
14 ps 150 MeV

Drive Beam Accelerator

X2
Delay loop

: ] Drive beam
? e ctBeam 42 m generation
e- Lihjecior scheme

High Gradien
Test stand
X5

Combiner Ring
84 m

Drive beam stability bench marking

- CLEX /——J Decelerator Test Beam Line }—\
i & '

/

o 35 A - 150 MeV
/ ﬁi @ 140 ns
pe Two-Beam Test-stand 180 MeV Probe |

CLIC sub-unit Beam Injector
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G 8 - CLIC T

365 A-2100bof 233 nC
14 ps 150 MeV

Drive Beam Accelerator

X2
Delay loop

: ] Drive beam
:[[) e ctBeam 42 m generation
njecior scheme

High Gradien
Test stand
X5

Combiner Ring
84 m

Drive beam stability bench marking

CLEX /——{ Decelerator Test Beam Line }—>

& 35 A - 160 MeV

5 140 ns
0//—%
Two-Beam Test-stand 180 MeV Probe |

| CLIC sub-unit Beam Injector | o0 RF Power is sucked
from Driver Beam
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High¥hghtiO/dHEREYedars

ATLAS event display: Higgs => two electrons & two muons

3th February 2014 CAS@Chavannes
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RunthemReading,

The LHC Design ReportVolume |:The LHC Main Ring, CERN-2004-003-V-I,

The LHC Design ReportVolume |:The LHC Infrastructure and Services, CERN-2004-003-V-2,
The LHC Design ReportVolume 3:The LHC Injector Chain : CERN-2004-003-V-3:

Fifty years of the CERN Proton Synchrotron:Volume | :CERN-201 1-004,

Fifty years of the CERN Proton Synchrotron:Volume 2 :CERN-2013-005,

Linac4 Technical Design Report:

Elena Conceptual Design Report:

AWAKE Technical Design Report:

HiRadMat:
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@enenating la26ns Bunch T tain i the PS:)
* Longitudinal bunch splitting (basic principle)

- Reduce voltage on principal RF harmonic and simultaneously rise
voltage on multiple harmonics (adiabatically with correct phase, etc.)

20 558 40 MHz fixed
PS ejection: ns beam gap mmmt 29 Bunches RF = 40.0 MHz
72 bunches (T T ", 1.1 x 10" ppb
in 1 turn &
20 MHz fixed
Quadruple splitting RF = 20.0 MHz
at 25 GeV 2.2 x 10" ppb
Acceleration 18 bunches
to 25 GeV on h=21 10 MHz system
) o RF =9.18 MHz
Triple splitting 4.4 x 10" ppb
at 1.4 GeV
PS injection: I 6 bunches 10 MHz system
4+2 bunches on h=7 RF = 3.06 MHz
. -
in 2 batches == 13.2 x 10" ppb
-
R. Garoby = 2

Use double splitting at 25 GeV to generate 50ns bunch trains instead
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RrotonsSynchrotron{BS),
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Tomoscope LHC Aug 12 17:50:39 2004
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pts/trace Delay 1680 ne Y. Scale 0.5 .4| Y/div

« |

0
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The PS is the machine in the LHC Injector Chain where the Longitudinal

characteristics of the LHC beam are determined
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PangedsadoniColliderdIHO),

Circumference =» FIXED!!! by LEP

Golden formula (you should know by heart)

266589 m
o - 66% ~ 2780 m

Ze ]

p = nucleon momentum =» defined by the
physics case = TeV range = 7 TeV

We need SUPERCONDUCTING technology

3th February 2014 - lIl,agr]eIS due ID Saturatlon

0 |
Field limit for normal conducting



angeddadoniColliderdEHC) .

Production rate of events is determined by the cross section %, .
and a parameter L that is given by the design of the accelerator:
... the luminosity

1
-12
R=L*X . ~25——-10""b = some 1000H
10™b
i
25( \ 1 I I \ E ' g
- W icomee remember: 2 V=TTV
20— [_]ATLAS Recorded 1b=10_24 sz E &
Total Delivered: 22.8 fb™ --2-1 -------------------- Zreact z]‘pb
Total Recorded: 21.3 fb™ a
©

Total Integrated Luminosity (o]
o

a

-
o
\\Ill\\\\ll\\\‘l\l\‘

0 | | | | |
1/4 1/6 1/8 1/10 1/12 100

Day in 2012

1000
M, [GeV]

200 300 400 500
Integrated luminosity during RUN |
| Lat ~25 7

Official number: 1400 clearly identified Higgs particles “on-tape”
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RarenthesiSSSnaceiCharge dn One - Stide

a2 e

<o 0>
pt pt +
va=0 vs=0

Electric Repulsive Force

A0

i B
Magnetic

Attractive
Force

Force

Coulomb

N
0 — [}

+

Repulsive

¥ 11 B =
0 m C

V(0.750 Mev>50 Mev)=4% =2 31% of ¢

Attractive

LINAC2
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Particles in the beam feel a
strong repulsive force =»

change in
tune
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OvenallfRrotons Delivered in 201 24

Facility Protons % of Total
Deliverd

Isolde 1.15x10+20 63.8%
CNGS 3.9x10*!9 21.6%
n-TOF 1.9x10%19 10.2%
The rest 8.13x10*!8 4.5%
LHC 3.25x10+!6 0.018%
Total 1.81x10%20

Colliders are very Efficient!
The LHC Physics Program Used 0.018% of the
protons produced in CERN accelerators during
2012!

* Intensities as delivered to the facility, upstream losses ignored,
% Beams for Machine Setup and Studies Excluded
¢ The total delivered protons represents roughly 0.27mg (rest mass!)
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