


AR, A o . i .y
/. - - .e -

- » e
- AN -
i ,"f AN S
g y e Nz
——(h L
(: Qiml»)
& 2
tod ay. s
™ -
o - % A Y %

e e o

& [The:CERN Accelerator Complex

» The LHC and Injector Chain
The Proton Chain: Linac2, (Linac4), PSB, PS, SPS, LHC
The lon Chain: Linac3, LEIR, PS, SPS, LHC
The Antiproton Chain: Linac2, PSB, PS, AD, (ELENA)

» The Experimental Areas and Facilities
Isolde, Rex-Isolde, (HIE-Isolde)
AD Experiments
n-ToF

> Test Facilities
CTF3

HiRadMat
(AWAKE)
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§ Mofth Area

ALICE et LHCb
SPS
1976 G km) | itrin
mnz
mo
AN ATLAS CNGS
1 TTen | 2006 | Gean Sasso
I
AD
| 1595 (182a0) | paps
e BOOSTER
O
G 7 O ara— ISOLDE
¥, / €ast Aren
n-ToF —" , PS
(2001 | [ass oam = |
: LINAC 2 | ; CIF3
LINAC 3 ’ Leir
lons — _
» p(proton P ion » neutrons » p (antiproton) » neutrinos » electron
==+ orotonfantiproton conversion

LHC Large Hadron Collider SPS Super Proton Synchrotron PS Proton Synchrotron

AD Antiproton Decelerator CTF3 Clic Test Facility
CNGS Cern Neutrinos to Gran Sasso  1SOLDE Isotope Separator OnLine DEvice

LEIR Low Energy lon Ring LINAC LINear ACcelerator n-ToF Neutrons Time Of Flight
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T ?«;f«,_.LHC‘Proton 1njectr Cham "1‘ AR

TT60/TI2

TT2/TT10

BT/BTP

Linac2

U\

Source

Linac2-PSB 80 .
Circumference /m | Energy /GeV

BT 35.1
Source+RFQ - 0.00075

BTP 30.5

112 + { 250 Linac2 (33m Long) 0.05
110 860 PS Booster 157 1.4
TT60 + 241

TI2 { 2947 PS 628 25
1740 + { 110 SPS 6911 450
e 287 LHC 26659 7000
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S'Proton Accelerato
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e D A

Proton Source ”~ w
90 keV, pulsed every 1.2 s. =t ﬁ’;{(\;\

EST
5

Radio Frequency Quadrupole
750 keV, pulsed every 1.2s.  BOOSTER

Linac2 (linear accelerator) (
50 MeV, pulsed every 1.2 s.

PS Booster (4-ring synchrotron)
1.4 GeV, 1.2 s cycle time.

PS (Synchrotron)
25 GeV, 3.6 s cycle time for LHC.

Linac2

F m " Half SUD
RFQ d

Proton Source
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Protons (at 90 keV) are produced by creating a plasma using H, which is
charged due to interaction with free electrons from the cathode. The plasma
is then accelerated and becomes an ion beam

ARC SUPPLY

_|_

HT SUPPLY 90kV

Duoplasmatron
Proton Source

HOT CATHODE

INTERMEDIATE ELECTRODE

magnetic

_

4th November 2013
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» Directly after the source, accelerates beam to 750 keV

» Acceleration and focusing achieved with electrical fields
created with the help of specially shaped electrodes

» Length =1.75m, frequency ZOOMHz

4th November 2013 CAS@Chavannes






e

Synchrotron with 4 vertically stacked iy#§
rings, each % of PS Circumference

Accelerates beam from 50MeV to
1.4 GeV in a cycle of 1.2s

Operates on Harmonic 1 for LHC: 1
bunch per ring.

The Linac2 be~ | ¢ \> ‘\s‘lz DIS 1
e S\ O DIS 2
fast kicke o® X
3 \* ,“(\@ DIS 3
<N e . DIS 4
e. \(\@(
In ‘l" 1 65~100ps
(up te : { { { {
pos
Ring 4 Ring 3 Ring 2 Ring 1
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2" batch < 1*batch PS h=7

1.2s later - -

Inject 6 bunches on h=7 in the PS (1 empty bucket) ...
» Either 3+3 bunches, or 4+2 (operational)

The Bunches spaced by 327ns as they leave the Booster:
» Corresponds to 1/7 of a PS turn, or 1.75 PSB turns

Y
A - Bending
- Septum
VT
- Kicker

R3 SMV

R4

SMV
R2

MV
R1

BVT

»>S
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The oldest machine at CERN

(commissioned in 1959)

Synchrotron with combined
function magnets

Acceleration from 1.4 to 25 GeV
Cycling time (LHC beams) 3.¢- WO
- \&
. . W
RF Gymnastics used 0(.:(\\ \\0(0
bunch structure ~ \ C
(250r50 ns = @ 6(\0
systems Q6 XV
(Y\@ \/O(\
Slo & o East Hall

Also ¢ and n-ToF as well as all beams in SPS (& LHC)
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* Longitudinal bunch splitting (basic principle)

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

- . s —— » :

40 MHz fixed
PS ejection: 320 nsbeamgap | | 25 bunches RF = 40.0 MHz
72 bunches TL on h=84 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 R 18 bunches
to 25 GeV (R on h=21 10 MHz system
<:: RF = 9.18 MHz
Triple splitting 4.4 %10 ppb
at 1.4 GeV
PS injection: l l l L : I & Burishias 10 MHz system
4+2 bunches on h=7 4 RF = 3.06 MHz
in 2 batches gg 13.2 x 10" ppb
R. Garoby £z

Use double splitting at 25 GeV to generate 50ns bunch trains instead

4th November 2013 CAS@Chavannes 13
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£ rlpWe ph ng at PS1n/ect10n {1 4Ge ) /8

Tomoscope LHC Aug 12 17:50:39 2004

¢ Wa'rel"fall VieW Of C Timing 1353

longitudinal gymnastics e
M Traces 200
Time Span 31.92 ms

0 250 500 750 1000 1250 1500 1750 2000
ng

H. Scale 4 —II ns/pt N Samples 50O -iI pts/trace Delay 150 ns Y. Scale 0.5 — | Wdiv

+ Injection of 2nd PSB batch
(bunches 5 & 6)

« Triple splitting with
different cavities of
10 MHz system.
h=7 to h=21
- Horizontal scale 2us (~1 turn)
- Vertical scale 32 ms
- Z-direction intensity

;
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11 x PS circumference

Uses Conventional magnets

(2 Tvs. 4.4T for Tevatron)

Accelerates beam up to 450 GeV energy
Up to ~5x10*3 protons/cycle

For LHC the ring is only partly filled (~1/3)
with up to 288 bunches

Serves the North area with a slow extracted beam. Also served CNGS up to last year
New Facilities: HiRadMat and AWAKE (under construction)

A g -
T == = = - -
- "2 - ] ". =

s | e
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There are: |
| > 1232 main dipoles (15 m long, 36 Tonnes)
to bend the beam in a circle

N s

: Main magnets use superconducting cables

| (Cu-clad NDb-Ti) circulating 12’000 A and

| giving a nominal field of 8.33 Tesla operating
| in superfluid helium at 1.9K (-271°C)




AN Y

LHC - B

,_,., _IiPoint 8

4 Major Experiments + 3 smaller ones

CERN
S AT
. Point 1

POINT 5
CMs

POINT 4
HE POINT 6

. Dump

POINT 3
Momentum -}
Cleaning

POINT 7
~| Betatron
Cleaning

POINT 8
LHCb

POINT 2

Alice

Allas 10 Sep 2008 15:02

TI2 TI8

Updated by Roberto Saban

Designed for 7 TeV on 7 Tev collisions (protons and ions)
Nominally ~2800 bunches of 1.15x10*!" protons per bunch

Nominal Luminosity 1x10*34cm2 s

4th November 2013
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In total 42,000 tonnes of
material to cool to -271°C

A

Room temperature,
20°C

T

.

i Cold! , -271°C

- LHC Requires
> 90,000 tonnes of liquid Nitrogen
to cool it down, and
» 130 tonnes of Liquid Helium to
keep it cold

4th November 2013 CAS@Chavannes 18



Circumference (km) 26.7 | 100-150m underground
Number of Dipoles 1232 | Cable Nb-Ti, cold mass 37million kg
Length of Dipole (m) 14.3
Dipole Field Strength (Tesla) 8.4 Results from the high beam energy needed
Superconducting magnets needed for the high
Operating Temperature (K) 1.9 | magnetic field
Super-fluid helium
i i i Results from the high magnetic field
Current in dipole sc coils (A) 13000 _
1ppm resolution
Beam Intensity (A) 0.5 2.2.10°¢ loss causes quench
Results from high beam energy and high beam
Beam Stored Energy (MJoules) 362 | current. 1MJ melts 2kg Cu
Magnet Stored Energy (MJoules) 10000 | Results from the high magnetic field
Sector Powering Circuit 8 1612 different electrical circuits

4th November 2013
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June 1994 .
2007 First sect Id
first full scale prototype dipole Juné 0' ISt sector co

ECFA-CERN workshop
Owe Chaun el T ; 2

April 2008
Last dipole down

Modocate
o»\’
B E
® : :
1994 project 7 MARS 2005
approved by DIPOLE
council (1-in-2)
SSC
cancelled

CER

LER/LIARARY Mﬂ First set of twin 1 m

November 2006
1232 delivered

" prototypes Over 9 T
PRELIMINARY PERFORMANCE E£STIMAI Y Y -
5. Myscs and (R
1.  Intraduction

This analysis was atimulated by nef§
large op snd pp colliders are actije
Indeed, a first look at the basic parfa™
pp tings in the LEP tunnel seems overc
possible start of such a p-LEP project
niscuss is, in Fact, rsther obvlous, by 5

AR NBVEbR P20 ¢Srtes o

September 10, 2008
First beams around

20




August 2008

First injection test

& [ ATLAS Preiiminary SLs Limits
[3)
® c — Observed
2 [ ---- Expected 71
E o mii1e J-Ldt=1.0-2.3fo )
po= | E
3 f [+26 \s=7TeV
R "
3 e
=2 "'_,
TE B T
¥
P
[~ <
1 1 1 N
10 200 Do 400 500 500
m, [GeV]
October, 2011

3.5x10%%, 5.7 fo'*
o November 29,

Peak Luminosity [Hz/ub]

6000

7

ié

ms duﬁ::t
May 2012
Ramping

Performance

Feb. 2013
p-Pb%2*
New Operation
Mode

2009
Beam back

?® Sept. 10, 2008
First beams around

Repair and Consolidation

March 30, 2010
First collisions at 3.5 TeV

’ id Sept.
1 19, 2008

Disaster

4th November 2013

12 PRELIMINARY (:10% scale)
10| -©- ATas
-E)- Auce*
CMS/ TOTEM
¢ LHCb

October 14,
2010

L= 1x10%32
248 bunches

First Hints!! .

June 28 2011
1380 bunches

November 2010

Pb82* lons

CAS@Chavannes

March 14"
2012
Restart
with Beam

2008 2009 2010 2011 E

25,
)~ = 2010,7 TeV, 44.2 pb

— 2011,7Tev, 610
200 — 2012,8Tev, 2280

&

Total Integrated Luminosity (n '
s

o -
Y m
PO N T C LT

Nov. 2012
End of p* Run 1

?

12
|

LS1
®
November 2011
Second lon Run
21



Bunch Lengths [ns]

4th November 2013

25 ns 25 ns
(desngn) (2012)#

Energy per beam [TeV]

Intensity per bunch [x10%] 1.15 1.2
Norm. Emittance H&V [um] 3.75 2.7
Number of bunches 2808 1380 N.A.#
B* [m] 0.55 0.6 N.A.#
Peak luminosity [cms] 1x103% 7.7 x103%3 N.A.#

#The 25 ns was only used for scrubbing and tests in 2012

LHC filling pattern (2012)

[nject 4+2 bunches

Low»energ)‘ BUs" =7

Time [ms]

2" injection

26 GeV/e

¥

025 05 075 1
Time [jss]

125 15 175 002 004 006 008 01 012

Time [us]

— Each bunch from the Booster divided by 6 — 6 x 3 x2 x2=72

The 25 ns PS production scheme (2102)

n o
a\o %0

6% Q%
A® A©

1380 bunches over 26.7 km

CAS@Chavannes
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,?": .: T T T T ‘
o — 2010, 7 TeV, 44.2 pb_l
- —— 2011, 7 TeV, 6.1 b '
x 1 120
7 = 2012, 8 TeV, 22.8 fb
0
IE
§ 15 {15
-l
g
S 10} 110
e
o
S
£ 5 % 100 13
©
o
= Q o N ) x S c 0
N PR G S R AP R L

Date (UTC)

| 1 fb-! represents ~100 Trillion (10'4) proton-proton collisions I
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Linac4 : Approved in 2007 as a replacement to Linac2

o Energy 160 MeV (cf 50 MeV in Linac2) Doubles the space charge tune shift limit at
injection into the 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.

N, R
Exy PV ’
with N, :number of protons/bunch

AQg =

£, y 1 nOTM. transverse emittances

R : mean radius of the accelerator

Delivers 40mA, 400us pulses at 2Hz

Present 50 MeV
Linac2 -

45 keV 3 MeV 50 MeV  102.MeV 160 MeV

H-" source chopper

«< >
4th November 2013 CAS@Chavannes 352.2 MHz 24




lon species

Output Energy

Bunch Frequency

Max. Rep. Frequency 2
Max. Beam Pulse Length
Max. Beam Duty Cycle
Chopper Beam-on Factor
Chopping scheme:
Source current

RFQ output current
Linac pulse current

Tr. emittance (source)
Tr. emittance (linac exit)

Max. repetition frequency for accelerating structures

160
352.2
Hz
04
0.08
65

MeV
MHz

ms
%
%

Construction well underway

Progressive commissioning
2014-2015

222 transmitted /133 empty buckets

80
70
40
0.25
0.4

mA
mA
mA
7t mm mrad
7t mm mrad

50 Hz

CCDTL

DTL chopper line RFQ

4th November 2013
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Charge exchange injection of H- into a ring allows accumulation over many
turns with no emittance blow-up

Principle of H- injection in the PSB

66 mrad Chicanedipoles

W = . 3D layout of injection region

316 ‘ 316

380

p+

| | I3
w*"—'—"ﬁ 'ﬂu/‘r lﬁr ey

ﬂ' 1‘=='H_'H Y "I P _'ﬁﬁ%

Stripping
foil /

Waste beam

’l'—_'lm ﬂmv ““' HI’ .ﬁm

dump Main dipole i)
Main dipole I omm '

But it does require a major modification to the PSB Injection region
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Electron Cyclotron Resonance (ECR) 14GHz
Source

Chamber
Insulation

Produces around 0.8mA of
Lead ions with a range of
woen L mer o charge states centered

— | around Pb*2? @2.5KeV/n
PLASMA CHAMBER —— A The LEBT SelectS one .
rame?” ': +29
R Lo presently Pb
EXTRACTION S : = e

20KV -
-— —— !l H IRON YOKE

SOURCE INSULATION
TURBO
PUMP =] COPPER

1]
"
|

MAIN VACUUM e - H
PUMPS ‘ |

The source can also be set up to deliver

other species...
Argon and Xenon are being prepared
for the SPS Physics programme

4th November 2013 CAS@Chavannes




{Source)
WFC = Foradey Cup WPHP = Phass Probe P
NSG = SElgrid 3211 = Banding Mognet
WSF = SOVl MIVIQ = Nultsit Emittance
) MR = Beam Transfomer SIR = Charge Stripper
ETP lina MPHPS = Phase Probe (4-section) CRFD = Debuncher MFCO1
CRFBY = Buncher ITL
NPHPO2 waLL STt
OCRFBU.  MIC MIROS
nri_umo
e e — L)
ITE ":‘:.' \ ! )
loop prsm MPHPSO! WPHPO1 | Voinos urcn? /
6}? A3 | |A2 IA1 ITMJ_ ‘AQ m -~
’z,'jb (Stripper ard Filter Line) (Tank3)  (Tank2) (Tonk1)  (MEBT)  (RFQ) (LEBT)

— Linac3 accelerates Pb?°*to 4.2 MeV/n at 5Hz
Then strlpped to Pb54+ for |nject|on into LEIR

\T'm\ Straight section 40
g (RF, ejection septum)

St.section 30 |
(e]. kicker,
D~ 10m)

Straight section 10
{injection, D = 10m)

Straight section 20
{electron cooler
=0m, B ~5m)
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N 3 / A

" The lon Cain : L

15 F

10

LE3DRVOL

Q22
Krnazasg

Epmvoz

INJECTION dispersion~10m

=10 k

ECOOLING, dispersionsOm

-15 -10 -5 0 5 10

LEIR Accumulates the 200ms pulses from Linac3 into 2 bunches
Electron Cooling is used to achieve the required brightness
Finally, acceleration to 72 MeV/n before transfer to the PS

LEIR Cycle is 3.6s
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NOMINAL MDOPTIC
LEIRLOC (9) LEIRLOC 10)

LEIR Cycles

5x107° charges of
Pb%4* routinely
extracted to PS
then accelerated
to 5.9 GeV/n

3600ms 3600ms 3600ms

SPS-PAGEL1 Current user: SFTMD 06-12-12 19:16:28
SC 20829 (47BP, 56.4s) FT: 10555 ms Last update: O seconds ago

Final Stage

1972 E8

Several injections into
SPS from PS, then
acceleration to
177GeV/n for the LHC

1239 E8

= ... or SPS Physics

Experiment
H2/H4

4th November 2013 CAS@Chavannes
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357 T

0.3
0.1

~al . N1

~
\1 X
Pon b =]
h
-
~

Built in 1999 (from the old AC)

26GeV/c PS Proton beam
produces p-bar (1 in 10-7) which
are focused and captured in the
AD

Momentum

A pIGeVEe] Basic AD Deceleration Cycle

Stochastic cooling
6.6 s. Tune jump
Electron cooling
8s.

Rebunching
Fast Extraction

pbar injection
Bunch rotation

Stochastic cooling
17 s.

iridium target

Electron cooling
16 s.

Actual Duration Design Duration

1 >

12(10) 35(33) "54(52) 71(58) 85(60) time [sec| aluminium end plug
RF ON: = = == [a—a m
RF h= 6 1 1 3 1
Beam bunched for deceleration (RF ON), debunched for cooling 28/08/00 FP

27/11/02 Rev.

water circulation
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Under Construction
A second stage of deceleration
Momentum: 100 — 13.7MeV/c
Kinetic : 5.3 — 0.1 MeV

Q3 'y

ELENA main parameters
Momentum range, MeV/c 100 - 13.7
Energy range, MeV 5.3-0.1

Circumference, m 30.4

ELECTRON
COOLER

HIg

8.6m

Intensity of injected beam 3 x 107
Intensity of ejected beam 2.5 x 107
Number of extracted bunches 4

Emittances (h/v) at 100 KeV, n-mm-mrad, [95%)] 4/4

Ap/p after cooling, [95%] 1074
Bunch length at 100 keV, m / ns 1.3 /300

Required (dynamic) vacuum, Torr 3x 10712

4th November 2013 CAS@Chavannes
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LSRG

.,?’“.“""“,"“

Experlmental Areas Around the PS

East Hall

SPS AD Hall

LINAC2  yusmme

Linac2
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Acceleration

60kV
(o0 General Purpose

High Resolution separator, GPS

Separator, HRS
1.4 GeV P*

ISOLDE
Experimental
Hall

4th November 2013 CAS@Chavannes 36



AW,

~Isblde
2878

An Isolde I
Target § e
SR e I
| | — ‘,' \ "“gﬂlﬂ]f’—“"r (s 7:“:;%
J TRIPe f z _}r—_f_:—:: L.\'\\t}% . }j\ H ﬂ - : - .,Ln H\nrst Floor
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. Rex-Isolde ==

Ve
i L

Efficiencies

(design values):

Trap Bunching:  90%
Beam Transport: >85%
EBIS Injection: >50%
EBIS Qi/ZQi:  30%
Linac: 90%

REXEBIS

q/A-selector MASS
REXTRAP SEPARATOR
Charge Breeder 9-GAP 7-.GAP
RESONATOR RESONATORS ISOLDE
@ 202.56 MHz @ 101.28 MHz Rebuncher RT' & beam

60
keV

! 3. 2.2

Experiments MeV/u MeV/u

1.2 MeV/u REXTRAP
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" HIE-Isolde

New Post-Accelerator for the Isolde Facility
SC linac based on sputter-coated '4-wave resonators

G g‘\\\\
N —

Frequency 101.28 MHz
Gradient 6 MV/m
Active length/cavity 30 cm
Number of Cavities 20 (10MeV/u)
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v CRYOGENIC JUMPER POSITIONS

W Nt N
v/ HIE STAGE 1
) mEm .

5.5MeV/u
v' HIE STAGE 2A 7G123 9GP

- s SRR o

10MeV/u

v" HIE STAGE 2B WITH CHOPPER LINE

@ CHOPPER || | 1B1 | B2 | HB2 | HB3 | HB4 | HB1

>2017

Construction & installation for Phase1 in full swing

Funding for following stages not fully secured (yet)
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= Measurements of neutron cross sections
relevant for Nuclear Waste Transmutation and
related Nuclear Technologies

» Cross sections relevant for Nuclear Astrophysics
* Neutrons as probes for fundamental Nuclear

» | Physics

™ 20 GeVic
Experimental Proton beam A second
Area \\\ ( Experimental
Sample 4
d\ N \\ BOOSTER ar_'ea
’ Qj ~—— Neutron-Beam \ el \ / Vertlca"y
( : — \ \ above the
=l p ‘ target is
g Neutron source N\ S presently
| spalation | 20 Govle 1"~ N under
S Nourongeam (IO TR R s B construction
10° production anglo] | - ___J_ ) =

4th November 2013
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Neutrbn Spectrum in the meV - GeV range

CAS@Chavannes

Each primary
proton produces
~300 neutrons
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e

~ TheEastHalls |

Resonant Extraction with

a spill length of ~400ms Dirac is being Dismantled — replaced | |
by a new Irradiation Facility

Secondary Beams: ——
Momentum range 1-15 GeV/c
Electrons, Hadrons & Muons
Max 1-2E*¢ particles per spill

4th November 2013 CAS@Chavannes 42



Experiments:
(ACE)

AEGIS
ALPHA
ASACUSA
ATRAP

Base

Gbar

4th November 2013

AN

| . [ADHall

: completed

Anti-Hydrogen Capture:
« Spectroscopy
 Magnetic moment etc.
Gravity and anti-matter
Medical Applications

: Under Construction

: Under construction

CAS@Chavannes
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=\ S

- Faaliyeg Around the SPS

.

B
LHC.\ &’/

North Experimental Area

HiRadMat

ps " | Awake (ex CNGS)
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1, RSN, 2|

7 beam Ilnes

Total length
(secondary beam Ilnes)
5.8 km

3 Experimental halls
~2000 scientists/year

Slow Extracted beam
over several seconds

3 Primary Targets

Also lon Physics
Program

 Be (Fragmented)

 Argon
« Xenon

4th November 2013 - CAS@Chavannes
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Boam

Target
\-

Super-conduction
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Time Projection
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Ve Neutrino Oscillation of v, to v.:

* Up to now: only measured by disappearance of
muon neutrinos

< > Y * CNGS: appearance experiment

Alessandria
Emilia-Romagna
Monte-Maggiorasca
Monte-Prato
Monte-Giovo

Piemonte
Laboratory of Gran Sasso

Gran Sasso

neutrino beam ——»

y measure
produce 732km tau-neutrinos
muon-neutrinos Skm -

~4-10” p/year  ~2-10"v /year ~2 v /year
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CNGS approved for 22. 5E19 protons on target
Ended in 2012 after 5 years of physics run: 81% of approved protons on target
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2011: 4.84E19 pot

2010: 4.04E19

2009: 3.52E38pot

// 2012 (26 Nov): 3.8E1

2008: 1.78E19 pot
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CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN

ISSm

B C\Gs Works SPS tunnel

LHC/TI8 tunnel

Target
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LEP/LHC tunnel
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and first muon detector

muons e
neutrinos z/;
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CNGS-OuvragesSouterrains-2001/06 CERN AC/DI/MM

Access shaft
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Connection gallery\
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AWAKE - A Proton Driven Plasma Wakefield Acceleration Experiment at CERN
* Proof-of-principle demonstration experiment proposed at CERN
—> first proton driven PWA experiment world-wide.

* Advantages of using protons as driver: single stage acceleration
— Higher stored energy available in the driver (~kJ)
— Electron/laser driven requires many stages to reach the TeV scale.

v

s

20m ‘ Tom 15m
e spectrometer

Diagnostics
Proton
beam
dump
______ Laser
protons SMI Acceleration dump
OTR, CTR
Diagnostics

- Inject 10-20 MeV electron beam
—> acceleration of electrons to multi-GeV energy range in the wakefield driven by
protons.
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Laser power

supplies Access gallery Items in dark blue: ventilation ducts
Items in light blue: AWAKE electronic racks
Items in : existing CNGS equipment (cable trays, pipes,...)
Lasers
© Electron gun

Klystron system

Proton beam line

10m

Laser & proton beam
junction

Electron beam line

Plasma cell

(10m long) / _

Electron spectrometer /

Experimental
Diagnostics

CNGS target area
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HiRadMat is a facility designed, to study the impact of intense
pulsed beam on materials
= Thermal management;

= Radiation Damage to materials;
= Thermal shock — beam induced pressure waves.

BOOSTER

» ISOLDE

Built for the LHC Upgrades (especially collimation system)
Makes use of the Infrastructure of a previous Neutrino facility
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= To test materials for under the extreme conditions they
may encounter in case of accidental beam impacts.

* To characterize novel materials currently under
development for Phase II Collimators.

= To benchmark advanced numerical simulations.

Total duration : 0.8 ms

Simulation of 8 LHC
bunches at 5 TeV
impacting a Tungsten
Jaw of Collimators

16550403

11111

7777777
mmmmm
AAAAA
22222

B
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© demonstrate CLIC RF power source Drlve Beam generation
(fully loaded acceleration, bunch frequency multiplication 8x) | Delay Loop

& Test CLIC accelerating structures
|

«© Test power production structures (PETS)..
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Facility Protons Deliverd | % of Total

Isolde 1.15x10+20 63.8%
CNGS 3.9x10+19 21.6%
n-TOF 1.9x10+19 10.2%
The rest 8.13x10%18 4.5%
LHC 3.25x10%16 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,
s Beams for Machine Setup and Studies Excluded
¢ The total delivered protons represents roughly 0.27mg (rest mass!)
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M Physics

Beam commissioning
B Shutdown
@ Tests

from mid February 2013 to end December 2014

2013 | 2014 | 2015
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The LHC Design Report Volume 1: The LHC Main Ring, CERN-2004-003-V-1,
http://cds.cern.ch/record/782076/files/CERN-2004-003-V1.pdf

The LHC Design Report Volume 1: The LHC Infrastructure and Services, CERN-2004-003-V-2,
http://cds.cern.ch/record/782076/files/CERN-2004-003-V2.pdf

The LHC Design Report Volume 3: The LHC Injector Chain : CERN-2004-003-V-3:
http://cds.cern.ch/record/823808/files/ CERN-2004-003-V3.pdf

Fifty years of the CERN Proton Synchrotron: Volume 1 :CERN-2011-004,
http://cds.cern.ch/record/1359959/files/cern-2011-004.pdf

Fifty years of the CERN Proton Synchrotron: Volume 2 :CERN-2013-005,
http://cds.cern.ch/record/1597087/files/CERN-2013-005.pdf

Linac4 Technical Design Report::
http://cds.cern.ch/record/1004186/files/ab-2006-084.pdf

Elena Conceptual Design Report:
http://cds.cern.ch/record/1309538/files/ CERN-BE-2010-029.pdf

AWAKE Technical Design Report:
http://cds.cern.ch/record/1537318/files/SPSC-TDR-003.pdf

HiRadMat:
http://cds.cern.ch/record/1403043/files/ICERN-ATS-2011-232.pdf
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