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1.) How do we operate such sa huge machine ?

Injection
Acceleration
Collision

Safety




LHC Main Parameters

Momentum at collision
Dipole field for 7 TeV
Luminosity

Protons per bunch
Number of bunches/beam
Nominal bunch spacing
Normalized emittance
rms beam size (71eV; arc)

beam pipe diameter

collimators

7 TeV /c

\, | Beam Dump

8 distinct sectors

for

cryogenics and
powering

collimator

.

8.33T

1034 cm 2 571
1.15 x 10"
2808

25 ns

3.75 um

300 uym

56 mm

R qg

Octant 1

Zg¢

2.9km transfer

line

\% %?’ injection beam 2

\ Hein

2.7km transfer
line




LHC dipoles (1232 of them)

seam Pive Heat Exchanger Pipe 7Te V
Superconducting Coils « 8.33T
' « 118504
« 7TMJ

Helium-Il Vessel

Spool Piece IS .
Bus Bars R T Superconducting Bus-Bar

Iron Yoke

Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole

Auxiliary
Bus Bar Tube

. Instrumentation
Prm%ﬁggg Feed Throughs




LHC: Basic Layout of the Machine 2. 6,8, 10,12 pol

multipole corrector magnets landau 8 pole

106.90 m

bn in collision
IM_MQXCD col := 0.0000; blU MQXCD col
b2M_MQXCD col = 0.0000; b2U MQXCD col

0.0000
0.0000

b7M MQxcDMOS s Skew drimquadrupale

376 twinaperture assemblies osiiion moniior

supplied by Tesla Eng. b14M MQXCD col i ooooo b 4U_MQXCD _col := 0.0400 ; b14R MQXCD col :=
b15M_MQXCD _col := 0.0000; b15U MQXCD col := 0.0000 ; bISR_MQXCD col :

b3M_MQXCD col = 0. 0000 ; b3U_MQXCD_col := 0.4600 ;

vaviwoxco M B main dipole ., .
b5SM MQXCDMQ main ‘Ilﬂ@‘{féfﬂ‘f]‘%m = 0.4600 :
b6M MQXCDMQT % doim QMWMIQ 1.7700 ;

=
**g**%net type : MQXC/MQXD (new Inner Triplet Quad)* ks xskiskdok

; bIR_MQXCD _col
; b2R_MQXCD _col
b3R_MQXCD_col :
b4R MQXCD_col :
bSR_MQXCD_col :
boR_ MQXCD col :
; b7R_MQXCD col :
vsM MoxcpMQ: Lattice.actupale (Landaw damping) .. -
b9M_MQXCDMIS € BooNormal &<Skew sextupole Moxcp _col -
b10M_MQXCIOrbit ¢orvector dlp&(t@scol = 0.2000 ; bIOR_MQXCD col :

" M_MOXCVCS:SPool plet EFeXtipale 0 b1 IR MOXCD _col =
orbit corr ecttorg,[ MQXC M@D@()O@p A (ﬂ%% B %P }5%]3 b12R_MQXCD col :

b13M MQX(%PM 0. )00 bl3U MIXCD_col :=. .02()_1_ doR M%s L) col:

skew & trim quad, chroma 6pol

0.0000 ;
0.0000 ;
0.8900 ;
0.6400 ;
0.4600 ;
1.2800 ;
0.2100 ;
0.1600 ;
0.0800 ;
0.0600 ;
0.0300 ;
0.0200 ;
0.0100 ;
0.0100 ;
0.0000 ;
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Magnet Currents
Nummer| Gruppe |Name aktiv | Sollwerte Filel | Sollwer
(4] [¢
1 HPDIPOL BPA1 True 4138.993 564E
2 HPMAINW | Q251 WL True 235.462 326.
3 HPMAINW | QR52 WA True 258.724 77
4 HPMAINW | QC53 WL True 237.933 327.
5 HPMAINY | QB28 WL True 625.429 849,
B HPMAINW  QR54 WA True 291.486 4085,
7 HPMAINW  QOR24 WA True 139.139 185.
8 HPMAINW QRS0 WL True 305.348 419
9 HPMAINW  QC22 WA True 75.816 302.046
10 | HPMAINW  OR57 WL True 260.769 354.833
11 HPMAINW | QR56 WA True 190123 263.722
12 | HPMAINW  QC20'WR True 91.056 -13.587
13 | HPMAINW  OP58'WR True -5.517 190 10
14 | HPMAINW  OP53wL True -10.401 -11.
15 | HPMAINW  OPE0WR True 73.600 93..
16 | HPMAINW  OPE1 WL True £9.504 90!
17 | HPMAINW  OPE2'WHR True 40163 58.1
18 | HPMAINW  OPE3wL True 47.489 631
19 | HPMAINW QPB4 WR True -4 72460 -71.-10

remember: AB/B = 10 *

-15

-20

-25

-30

-35

e,

60

50

40

30

20

10

0 +

saturation (%)

1000 1200 1400 1600 1800



LHC Operation: Magnet Preparation Cycle & Ramp

8 independent sectors, hysteresis effects, saturation & remanence
in nc and sc magnets, synchronisation of the power converters, magnet model
to describe the transfer functions of every element

| Physlcs | | Beam dumpl

MB current

14000 1 r 9

Prelnjection
plateau

Prepare
physics

[Startramp |

Physlcs

B (T)

magnet hysteresis

Rampe =20 min °’

Time (s) Squeeze = 20 min




LHC Operation: Pre-Accelerators and Injection

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

BOOSTER (4 rings)

1t batch 2"d batch
®
PS
Two injections from
BOOSTER to PS
h=1 h=7 (6 buckets filled +
13/01/2010 1 empty)

court. R. Alemany



LHC Injection: Preparing the Bunch Trains

SPS

h=84

h=21

PS

BHOSHIOR

f Up to four injections from PS of 72 bunches

72 bunches
84 buckets

\_T_}
12x25 ns GAP to cover the rise 26 GeV

time of the PS ejection kicker

18 bunches
21 buckets

1.4 GeV

6 bunches
7 buckets

Two injections from

BOOSTER to PS 1.4 GeV

Bumiids siduu  Bunds sjdnipenpd



Beam Injection

Bunch Splitting
in the PS

+
— ——
o o oo

01+

Oms 5 ms) 10 ms l15 ms 20 ms

o oo

oo

1 trace / 356 revolutions [~ 800 us)

0Z+

LI
}

CERN: Linac 2 injection into PSB

N, = 1.5*10% protons per bunch, E;,; =50 MeV
B=03I
y=1.05

200 ns/div,



Injection mechanism: the transfer lines

LHCINI.B1

i . L
| My

-BSmorad V

Altitude SPS BA4
S (m) site

+
Route de Mategnin Q= Point 8

—
450 Ferney-Voltaire

[ 1|
N\ -
LSS4 MORAINE
SPS
v 400 - j{kj:\
~ Juncy . Tl B-LSS4

350 — Existing tunnel

T
ney Tg

MOLASSE

MERC) REFOC

asf
gl Lasl _ __ mas

Ll _ 8

court. R. Alemany



Injection schemes:

Standard Proton Beam ... single turn Injection
"off axis' Injection
"multi turn'' injection

Electron Beam

Single Turn Injection
Example: LHC, HERA-P

Circulating
beam

B e

Closed orbit bumpers

‘boxcar’ stacking

T intensity injected
J H H H 7 beam
T kicker field \
t
—_—)

Kicker magnet



Transferlines & Injection: Errors & Tolerances

* quadrupole strengths --> "beta beat" A/
* alignment of magnets --> orbit distortion in transferline & storage ring

* septum & kicker pulses --> orbit distortion & emittance dilution in storage ring

105.0

L 10403
X

Measured shape
- 1030

Ideal trapezoidal shape
P P L 1020

Example: Error in position Aa:

Aaz ' } / ; L 101.0

— %

8new_80 (1+ 7 ) . i —
f RN SR L 99.0

i x
Ada =0.5 ¢ ‘;' L 98.0
;',' L e7.0
% BTV /" L 96.0
95.0

0 18 18 4 1 10 5

MKE delay [us]

Kicker "plateau'’ at the end of the PS - SPS transferline
measured via injection - oscillations

— g, =1.125%¢,
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b

X

LHC Injection: Again ... high accuracy reqmir:'e/d

Filamentation

Injection errors (position or angle) dilute
the beam emittance

Non-linear effects (e.g. magnetic field
multipoles ) introduce distort the harmonic
oscillation and lead to ampl
dependent effects into parti

Over many tu*"; - ke |
oscillationist
increase. "




LHC Injection: remember the phase space

o - & = y(5)*x7(s) +2a(s)x(s)x"(s) + B(s)x'(s)”
%]

Injected Beam has to be matched
_________ —a //5 to the optics of the storage ring

Extracltlon Injection

—ZETX
==

g’iE!ﬁ

4

! ||
NI
Iy 1' i ..r.“."."..“.: f'.."."n"..ﬂ.
1y (%J

m ! VihLe 1AM i ff \ .] ' " !
'y A M i)

3800 3783 4000
o)

sSPs Transfer Line

LHC

Regular FODO lattice

Initial matching section Final matching section



LHC First Turn Steering

M

total

X X
o), ()
X 52 X sl

X(s)

in theory
nice harmonic oscillation

=MQF >X<]\413 *MQD *MBend >l<]\41)*

focusing lens

3 e
@e% D@ %
*

ot dipole magnet
B _

I@@f“— defocusing len
'ﬁ

7&’ court. K. Wille

in reality:

R L.n 1] .l.. .lm

Obt

ll]l[I

IRl i

effect of many localised Rl

N
MNord-West 3'1 EEEEEE

orbit distortions

-> correct - - - -

: T)b,. ‘

= FWI o




LHC Operation: Beam Commissioning

First turn steering "'by sector:"
0One beam at the time

aBeam through 1 sector (1/8 ring),
correct trajectory, open collimator and move on.

Most Visited ~ HEP~ CERN- ATLAS~ CAF~ DDM~> FDR~ Operation~ SW~- DP~ Tools~ TMVA~ Gfitter~ g-2v EPJ~

POINT 5
CmMs

POINT 4 POINT 6

Dump

POINT 7
Betatron
Cleaning

Beam 1 POINT 1 Beam 2
Atlas 10 Sep 2008 15:02

—| YASP DV LHCRING / INJ-TEST-NB / beam 2 2 O e b oo Saten
Bviews | @) [m] 5]e) G2 © E more | L—!

'FT - P450.12 GeV/c - Fill # 830 INJPROT - 1009/ 08 15-01-58

xRN

10 g g H
ea -0:.336 / RMS = 2.868 / Dp = -0.37
el | s s
£ i : 0 Il
s Il I I |
T : : :
-5 e s 5
L ATLAS AucH RF-B2 [cms] DUMP-B2 inj-52
e I 1 1 I 1
0 100 200 300 400 500
Monitor H

FT - P450.12 GeVjc - Fill # 830 INJPROT - 10/09/08 15-01-58 -

10 g :
-0.272 / RMS = 2.502 / Dp = -0.37

v
...<=5 oo

g
£ I [
. I Il |
o p
i s s |
10 ATLAS ALICE RF-B2 CMS DUMP-B2 IN]-B2,
o I T T T 1 T
0 100 200 300 400 500

Monitor V




LHC Operation: the First Turn

File Tools

v P © < [ ©Sep 10 10:26:13 SPS - LHCFAST2  CNGSS - 03 ‘ o8 &

B

Camera Switch:

X = )
=|I£]]% 3

®

3

&

2

E

K| KN| KT| KN{KE| KN| K]

Screen:

Filter:

Video Gain:

Lamp Switch:
Aha

First Lamp: 300 nv
Yy
Aha

Second Lamp: 160 nv
Yy

Motor Enable:

Hardware Reading:

Ii
Kl

rSelecti rLHC.BTVSL.CSL2.B1
Device: LHC.BTVSI.ASR8.B2 = @ of 1 acquisiti . : : :25:
I— quisitions) Cycle: LHCFAST2 SC Nb: 700 Date: 2008/09/10 10:25:28.197506 | .
LHC.BTYSLCSL2.B1 =l Ez' o
LHC.BTVSL.CSR8.B2 e (L ELTD
LHC.BTVSS.6L2.B1
LHC.BTVSS.6R8.B2
LHC.BTVST.A4L2.B1 3000
LHC.BTVST.A4R8.B2 =
Status 323007
8
Device: LHC.BTVSI.C5L2.B1 v
S 2000
statws: I £
. s
Mode: OFF 5 1500
Control: REMOTE
1000 4
Advanced Expert
500
— T T T
= -25-20-15-10-5 0 S 10 15 20
Acquisition Type: E X [mm]
o > Vertical projection
Acquisition Number: 2600 1

Amplitude [a.u.]
N
o
2
S
1

15

20

T T T T T T T
-15-10 -5 0 S5 10 15 20

X [mm] Y [mm]
Acquisition Type: One extraction Camera Switch: RAD ON Screen: Al Yideo Gain: x 1 First Lamp: 299
Acquisition Number: 1 Mire: OFF Filter Out Second Lamp: 159

| D Acquire |[ 0> startMonitoring || < siop || idsave | [ continuous saving

10:25:32 - Done.

LHCINIJ.

o 4
MET 04 D2

B5mrad WV

Beam 1 on OTR screen
Ist and 2nd turn

Correct x, x’,

»y’
to obtain the Closed Orbit

a5 triplet

D1||Q3Q2 Ql Ql

MEMD

TDI TCDDWEKDFEX|MOXA  WOXE  WAOKA

AT




LHC Commissioning: RF T

Fie | £t o wso sk | v uities | en ([

LHC Longitudinal Bunch Profile Beam2

h a proton bunch: focused longitudinal by
the RF field

Bl DPO7254 Aca M! 4CH with CH3 Inverted.vi Front Par

Ele Ed Project Operate Tooks window

© [1n] [0 eppltion rort__| - ][ B[]

H3 Mountain Range|

CH3 INVERTED!!!
Choose Channels to acquire: Datet]

ol cel  cHa om B

e
orF | _oFF oFF.
o) pwE
File Index For |

Filename of actual datal

First Trigger]

et s e ve e rveasaaeaee el [ DPO7254 Aca MR Time 4CH with CH3 Inverted.vi

Fle Edit i ct Operste Tools Window Help

(2| [@[u]

€H3 Mountain Renge|

200mV/div

Fil: EJL v Prujecl Opzrale Tuus  siinduw  Hels

Choose Channels to acquire:] =3 ]@_} g@ [ 13pt Application Fent [+ ;=~| o &v] fﬁV]

| ol aml ol
ore ) oee ) (Ton) ore

RF off

Filename of actual datal

B e e e e T e irst Trigger|

00 200 400 600 &0n 10.0n 1200 14.0n 16

Time between Traces|
o Tum

Muliply Data with|
Scale Factor (d5)

—

Ld — Bunch Lengthat Position
| B0 | &
Trsce
Separstion g

S

RF on,
phase optimisation

@ scope released
Save o Fils

D Display Data: Switch to C¢
[ Extract e-teasure Bunch

[ Show Burch Length & Al
[ ] Show Bunch Length & Anpits
D Show Spectrum

[ Pisplay contour Pio:

STOP.

Bunch Length CH3
00, 00m

RF on, phase adjusted,
beam captured

00 20n 400 60n %00 10.0n 1200 14.0n 1600 1800 2000 2200 2500

-1




Orbit & Tune:

Tune: number of oscillations per turn |

FT - P450.12 GeV/c - Fill # 827 INJDUMP - 10/09/08 10-41-34

64.31
59.32

Relevant for beam stability:

YASP DV LHCRING / INJ-TEST-NB / beam 1

]g

| Rviews | [ m] 88| ] & more | 4B

FT - P450.12 GeV/c - Fill # 827 INJDUMP - 10/09/08 10-41-34

10

H Pos [mm]

an =

0.590 / R§S = 4.37

[INJ-B1

/Dp= -0

Imm

[TCSG5L3)

T
100

”T”

Monitor H

10

V Pos [mm]
o

3.581 / Dp =

-0.71

CMS|

T
100

T
200

300
Monitor V

T T
400 500

non integer part

LHC revolution frequency: 11.3 kH

[ Info | FFT | PLL | DataSets | FB/Trim | Orbit |

Srapn [iaa |<] 1 11 [

CO-FPGA @

LHC - B1 - Fill#894.0

2009-12-03 14:03:57
RAW&FFT: 8192 turns@1.0Hz
no excitation

Ql = .275494 Qx = .275608
Q2 = .299774 Qy = .299660
|IC-| = .003319 E= 450.0 GeV
Q'x = 7.888740
Q'y = 6.939837
Spawn TuneViewer Display
C s:

awvg. of 4 datasets

auto-save

> i > R 0>

LHC - B1 - fill #894 - avg. of 4 datasets - HC.BQBBQ.SX4.B1 - 2009-12-03 14:023:57

horizonal amplitude [dB]

AcCQ#| u}:{‘

Misc

-50

-60

rapn [sa = v [ 11 ][]

)
=
«
=
=
=
=
£
=
=
=
=
]
=

AC Q#‘ OE

frequency [frev]

e

LHC - B1 - fill #894 - avg. of 4 datasets - HC.BQBBQ.SX4.B1 - 2009-12-03 14:03:57

-50

-60

-70+

-90

T
0.31

T T
0.29 0.3

T T
0.32 0.33
frequency [frev]

0.31*11.3=3.5kHz?



LHC Operation: A perture Scans Apply closed orbit bumps until losses

indicate the aperture limit

. what about the beam size :

herap : hpl920e-: 11 May 200 17:11:58

2

8
: AN
6 EAI
B £
» / *
: / \
. L N
N E——— O,
rd T
!-340 -330 -320 -310 -300 -290 -280!-260!
Position /m
3 bump to create T T

Hor Orbit [mm]

-
=

-20

N
O

—
=

o

local orbit distortion

ey “ Uhuuj11111111111111111111111111111111111111111111r\|||lll

/'A f\ “' "/ \ ! ¢ /x w/ /‘\ 4

Hor Aper Scan LHC Sector 7-8
nﬂ[][llllllllIIIIIIlllllllllllllllllllllllllllllllIllllb’lll][]

3.0 3.5 4.0 4.5 5.0 5.5

Longitudinal Position [km]

6.0




LHC Operation: the First Beam

Measurement of f§ :

ﬂ sl+1
0

Sy }[ﬂ(sl )AK cos(2 — 270 ) ds

AB(s,) =

wsl _wso
AR/ B =50 %

LHCB2, 90 turns (12/09/08 12:38:16)

Bym]

0 5000 10000 15000 20000 25000 30000



LHC Operation: the First Beam

Dispersion Measurement

measurement corrected for incoming disp. ————
i nominal model ——

Av=D, ()P
P

HTHE T
Ni "i” i
il
2 | TH]I i d
- | il. 3 Mean = 1.124 / RMS = 0.816
i 24
5 | E
:: 0 vy Ao
& =ila
4 + a
=2
-34 .
-5 ! . T T T T
5( 0 10 20 30 i 20 50

Mu [2pi]

21/11/09 20-10-48 - FILL # 877 [21/11/09 20:13:46] i

g e

0.3
0.2
0.1

0-
-0.11
-0.2 T T '

0.4-Mean = -0.005 / RMS = 0.035’

Disp V [m]

0 10 20 30
Mu [2pi]




Ni = number of protons/bunch
Luminosity optimization Nb = number of bunches
frev = revolution frequency

oix = beam size along x for beam i
I NN, f N, Fow oiy = beam size along y for beam i

2.71:\/ o’ +0;, \/ o}, +0;,

F is a pure crossing angle (@) contribution:

1
F = FLnc = 0.836
o’ ¢ . : :
1+2— 5 tan? = ... cannot be avoided ' 25ns |
ol + 0., 2

W is a pure beam offset contribution.
... can be avoided by careful tuning
__(dy-dy)’
W =e 2075, +0%,)




LHC Operation:
Machine Protection & Safety

Energy Stored in the Beam of different Storage Rings

1000.00
| LHC top S——""5
energy O
. LHC injection -
S 100.00 (12 SPS batches) N
= \\ Factor
§ °R I ™ ~200
2 10.00 =— = HERA
P < SPS fixed =
'_; = target — )
o | ] N
5 1.00
g - SPS batch to . £ TEVATRON
g LHC 7
= .
@ RHIC
Lﬁ 0.10 proton
= SNs : B— == SPs
T/ LEP2 FLIT ppbar
0.01 L] |
1 10 100 1000 10 000
Momentum (GeV~'c)




LHC Operation:
Machine Protection & Safety

Energy stored in magnet system 10 @J
Energy stored in one main dipole circuit 1.1 @Gl
Energy stored in one beam L2002 MJ

Enough to melt 500 kg of copper /

21012 81012 6-101? 450 GeV p Strahl




LHC Aperture and Collimation

Primary Secondary Shower Tertiary SC
i collimator collimators absorbers i collimators ~ Triplet

—pr——ype oy IR IR LA I
L Tertiary beam halo

>

ilo i | + hadraénic shcwers
A7 Secondary beam halo : ; +18
+ hadronic showers + 850 = 0}
# ~~~~~ +60 -- .
Circulating beam! + 70 ' '

Cold aperture «— Warm cleaning insertion

E'—Arc(s)—>§ — P —

TCDI TCP TCSG TCLA TCTH/
TCLI/TDI TCTV
TCS.TCDQ

Settings @7TeV and f7*=0.55 m

S. Redaelli, OP WG on Checkout, 08-11-2007

Beam size (6) = 300 um (arc) )
Beam size () =17 um (IR1, IRS)



LHC Operation:

Machine Protection & Safety

... Komponenten des Machine Protection Systems :

_—

Collimators at
7 TeV, squeezed
optics

foomm]

[1mm]

Total Losses: 0.0123 [Gray / s]
1E-2

16.12.2009 15:34:13

Sector 1-2 Sector 2-3 Sector 3-4 Sector 4-5

1E-37

1E-47

momentum cleaning

Losses [Gray / s]

Sector 5-6 Sector 6-7 Sector 7-8 Sector 8-1

/] clq‘aning

Monitors
[JShow Labels [ Display Optics Elements [ ] use DCUM

‘ Start H @ stop H | save ‘Dcnnli nnnnn Savinq’

beam loss monitors

oPs

permit server

orbit control

power supply control
collimators

online on beam check of all (? )
hardware components

a fast dump

the gaussian beam profile

Integrated losses
1p
01
0.01 |
rDamage|level TCH
0.001 ~= = -
- Damage|level TC td‘“f‘ =t
-oo[xn-:_'_—_ —4%:-7(!?:;_‘35 -’ _'_—_.'_—__:
1e-05 '
0 10 20 30 40 50 60 70




LHC Operation: Machine Protection & Safety

A Bofirs s D: Afiez 115 rams
0.00015 0.00015

oso01 o What will happen in

e 3 : 9 ) ! .‘.‘ 13 °
soos ||y case of Hardware Failure
> 05 :' %
. -y,
-0.000 torcscanis | 20001
TCPDELIEI *

sosne TCTV4L2B!  ®©

B -+ 2 0 2 4 6 <0.00015
x ()

Phase space deformation in case of failure of RQ4.LR7
(A. Gomez)

Short Summary of the studies:
quench in sc. arc dipoles: t,,,,=20- 30 ms
BLM system reacts in time, QPS is not fast enough

quench in sc. arc quadrupoles: Tt ,,,,=200 ms
BLM & QPS react in time

failure of nc. quadrupoles: t ;,, =6 ms

T damage = 0-4 MS — FMCM installed
failure of nc. dipole:



Energy stored in the magnets

~ 10 Gjoule* (only in the main dipoles) corresponds to ...

I- - ... @n aircraft carrier at battle-
| speed of 55 km/h

P \w

_ The energy of ~3 Tans TNT
The energy of 370 kg dark chocolate

More important than the amount of energy is ...
How fast (an safe) can this energy be

released? *E=1/2LP

L: inductance ~0.1 Henry for LHC dipoles



Energy stored in the magnets: 10 GJ
Quench Protection System

Schematics of the QPS in the main dipoles of a sector

Quench Detectors =
Cold diode V1-V2 # 0

> > >

s 6 - e -
o O * L1 (SC Magnet) L2 (SC Magnet) L154 (SC Magngt)
3 &
a o L M
Switch

Quench Heaters %

R (Energy
Extraction)

court. R. Alemany



Energy stored in the magnets:
quench

If not fast and safe ...

-~
%

Quench in a magnet
-



LHC Operation: Machine Protection & Safety

Beam Current

Current

Monitors

Energy

DCCT Dipole '
Current 1

©Beam Energy

DCCT Dipole g Tracking
Current 2

0
Beam DumpingO

RF turn clock

Access Safety

Safe LHC

Injection

Energy

o Kickers o

Beam Dump
Trigger

System

| Discharge

Switches

[ I

Quench

>0 O

Protection

Powering
Interlock
System

O

Power Converters

LHC
Beam
Interlock
System

essential

circuits
Do)

Do)

I
[{_circuits _J

SafeBeam
Flag

Parameters
o) o)

O

SPS Extraction
Interlocks

TL collimators

BLMs aperture
BLMs arc

Collimators / Absorbers

BPMs for Beam Dump

NC Magnet Interlocks

BPMs for dx/dt + dy/dt
dl/dt beam current

dl/dt magnet current
RF + Damper
LHC Experiments
Vacuum System

Screens

Operators

Software Interlocks

<. RO COMmment




LHC Operation:

Septum magnet
deflecting the
extracted beam  H-\V/ kicker

for painting Beam dump
the beam block
Fast kicker ‘%— About 700 m
magnet v e
I —
Q4R

Beam Dump Block
(graphite)

Dump System
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1.) Where are we ?

* Standard Model of HEP
* Higgs discovery







2.) Where do we go ?

* Physics beyond the Standard Model
* Dark Matter / Dark Energy




10.) Storage Rings to Explain the Universe
Precision Measurements of the Standard Model,

Search for Higgs, Supersymmetry, Dark Matter
Physics beyond the Standard Model

.




Reconstruction of Dark Matter distribution based on
observations

Budget: Dark Matter: 33 %
Dark Energy: 66 %
Anything else (including us) 1%

FR— »
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Schluss aus fertich
that’s all folks ... for this time

eso es todo por hoy ... que aproveche

fin



