


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

7 TeV /c
8.33T

103 em 2 s71
1.15 x 10"
2808

25 ns

3.75 um

300 uym

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

skew & trim quad, chroma 6pol

multipole corrector magnets landau 8 pole
) 106.90 m
0]
\
\
B -1 B-f-— -
pol - MBA g [ MBB L

| skekeskoskeoskoskoskosk

=
agnet type : MQXC/MQXD (new Inner Triplet Quad)*##* ks ddstosok
o

MO, M

LHC TDR

bn in collision

IM_MQXCD col := 0.0000; blU MQXCD col :

0.0000 ; bIR_MQXCD _col

b6M_MUXCLD €Ol = U.UUUU; DOU_MUXLD €Ol = I.//UU; DOK_IMUXLD _COl
b7M_MQXCD col = 0.0000; b7U_MQXCD col = 0.2100 ; b7R_MQXCD _col
b8M_MQXCD col = 0.0000; b8U MQXCD col = 0.1600 ; bB8R_MQXCD _col
b9M_MQXCD col : [QXCD_col

***M_MQXCD col
orbit correction

376 twinaperture assemblies

MQXCD col :

M_MQXCD _col := 0.0000; b12U_MQXCD col := 0.0200 ; bI2R_MQXCD col :
b13M_MQXCD col := 0.0000; bI13U_MQXCD col := 0.0200 ; bI3R_MQXCD col :
supplied by Tesla Eng. b14M_MQXCD col := 0.0000; bl4U MQXCD col := 0.0400 ; bl4R_MQXCD col :
b15M_MQXCD col := 0.0000; bI5U MQXCD col := 0.0000 ; bI5SR_MQXCD col :

1
e Q' - Fk(s)B(s)ds Y0P

b2M_MﬂY(“n enl = N00ONNN - KWITT MOYXCND ~al = 000NN - WIR MOXCD ~nl
— 1 —
b3M_M -
b4M_I\/ [))(S *fp ﬁsl *COS(M)SI _ws _JTQ) ds B
WX (8) = = :
bSM_N e 2sin 1Q

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 [MName aktiv | Sollwerte File1 | Sollwer
(4] [£
1 HPDIPOL BPA1 True 4138.993 564E
2 HPMAINW 0251 WL True 235.462 326.
3 HPMAINW  QR52 WA True 258.724 377
4 HPMAINW  QC53 WL True 237.933 327.
5 HPMAINW  QB28wL True 625.429 949,
6 HPMAINW QRS54 WA True 291.486 4085,
7 HPMAINW  QOR24 WA True 139139 185.
8 HPMAINW QRS0 WL True 305.348 419,
9 HPMAINY  QC22 WA True 75.816 302.046
10 | HPMAINW  OR57 WL True 260.763 354.833
11 HPMAINW  QR56 WA True 190.123 263.722
12 | HPMAINW QC20'wWR True 91.056 -13.587
13 | HPMAINW  OP58'WR True -5.517 190 1o
14 | HPMAINW QP53 WL True -10.401 -11.
15 | HPMAINW OPE0WR True 73.600 98.:
16 | HPMAINW  OPE1 WL True £9.504 90.!
17 | HPMAINW  QOPE2'WR True 40163 58.1
18 | HPMAINW OPE3 WL True 47.489 31
19 | HPMAINW  OPE4'WR True -4 7480 -71. -10

remember: AB/B < 10 #
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Magnets: Precision Measurements
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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

| Physics | | Beam dump | 14000 1 -9

Physlcs

[Startramp |

Preinjection
plateau

B (T)

MB current

magnet hysteresis

T T T i ~ h )
-3000 -2000 ~1000 0 Rampe = 20 min

Time (s) Squeeze = 20 min




LHC First Turn Steering

Y Yoy focusing lens
MtOtal M M M MBend MD* QF oF @ % 93@(&;5/ .
..... , QD Q0 : ,“" W . dlpole magnet
» B —c.;
X X ¥ defocusing lens
— *
x' - M(S2 ’Sl) x' 5
52 sl
Xx(s)
in theory

nice harmonic oscillation

in reality:

>—Orbit

Ltk \h“ il .‘I.h .‘I .\l
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effect of many localised 5 ——ws
orbit distortions —

-> correct
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800 Beam Status. (=]
@ ) () () () http://hcc.web.cern.ch/hcc/oeam/by_beam.php v7 v YalGlz( Google Q)
MEP~ CERN- ATLAS: CAF~ DDM~ FDR~ Operation~ SW- DP~ Tools~ TMVA~ Gfiter~ g-2v EP)~ 3|

POINT 5

Cms

POINT 6
Dump

LHC Operation: Beam Commissioning

First turn steering "'by sector:"

POINT 7
Betatron
Cleaning

OOne beam at the time

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

POINT 1
Atlas

Beam 2

10 Sep 2008 15:02

TI2 TI8

~| YASP DV LHCRING / INJ-TEST-NB / beam 2 Updated by Roberto Saban
[ views | | m|=lee| C3| | More |48
FT - P450.12 GeV/c - Fill # 830 INIPROT - 107 007 08 15— 00— 58 i B
10 ; ; : : ' -
eap | -0.336 / RMS = 2.868 /[Dp = -0.37 g g g ;
el | g
0 v ' : L
2 1L 1| 1 |
T : : 1 &
5 : : :
10 ATLAS ALI(I_EI RF-B2 CMS DUMP-B2 IN]-B2
b I 1 1 1 1
0 100 200 300 400 500
Monitor H
FT P 450,12 Cevic—Fill # 830 INJPROT ~ 10,0908 150058 7 i S i N
10 ] ' . '
ohn = -0.272 / RMS = 2.502 / Dp = -0.37 g ;
L 5 | |
E 1 s
S I ] I
4 |4 i1 H 1]’
o 1 5
i = . s & |
10 ATLAS! ALICE RF-B2 CMS| DUMP-B2 IN)-B2
ol 1 T T T T T
0 100 200 300 400 500

Monitor V




LHC Operation: the First Turn

BTV - SPS.USER.LHCFAST2

(=

File Tools

@ D © < M ®Sep 10 10:26:13 SPS - LHCFAST2  CNGSS - 03 ([0 5 = &

Acquisition Type:

Camera Switch:
Screen:

Filter:

Video Gain:

Lamp Switch:

First Lamp:

Second Lamp:

Motor Enable:

6.6148, -0.4876, 3196)

rSelecti rLHC.BTVSLCS5L2.B1
Device: LHC.BTVSL.ASRS.B2 B 1 ( of 1 acquisiti 5 . 5 25 3
— quisitions) Cycle: LHCFAST2 SC Nb: 700 Date: 2008/09/10 10:25:28.197506 | .,
LHCBTVSLCSL2.B1 || D D o
LHC.BTVSI.CSR8.B2 Image projection
LHC.BTVSS.6L2.B1
LHC.BTVSS.6R8.B2
LHC.BTVST.A4L2.B1 3000
LHC.BTVST.A4R8.B2 =
Status 2200
s
Device: LHC.BTYSI.C5L2.81 @
S 2000
Status: Lk £
. =
Mode: OFF 5 1500 1
Control: REMOTE
Setting 1000+
Basic | Advanced Expert

500

— T
-25-20-15-10-5 0 5 10 15 20
X [mm]

rVertical p
2600

Al
2500

[
&
=)
=)

Amplitude [a.u.]
N
I
&
=]

22004

2100

— T T T T
N -25 -20 -15 -10 -5 0 Ll 10 15 20 -15-10 -5 0 S 10 15 20

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

| P Acquire || P> start Monitoring H

Stop H =l Save ] [_] Continuous Saving

10:25:32 - Done.

TDI TCDDMBXDFBX[MOXA WQKB VXA
——— —

Beam 1 on OTR screen
Ist and 2nd turn

Correct x, x’,

»y’
to obtain the Closed Orbit

. triplet

D1/|Q3Q2 QI

Al
3




LHC Commissioning: RF s¢ f cavities:

400 MHz A
16 MV/beam ;\;

| vities | vein (IR

LHC Longitudinal Bunch Profile Beam2

[BDPO7254 Acq MR Time 4CH with CH3 Inverted.vi Front Panel *

CH3 INVERTED!!!

@l ool ool o RO
Emlm EE|

File Index For next Save!

Sios
Filename of actual datal

R e S DO AR o First Trigger|

e

e Emm——

=
ey T FEior e e e AP B U oK (e Edt View Project Operate Tools Window Help
( z® 200mvidiv 500 By:2.56 R e oo -
B e A e B[] [@n]

CH3 Mountain Range|
e e b S ]
B e e s e S (o B ()= 91=pl]l = DP0O7254 Ncqg MR Time 1CH with CH3 Inverted. 10 x|

Eile EdL  diew  Projecl Opzrale Tuus  wilnduw =l - ) B ) ) TS
W Chooss Channels to acquist @ [ 13pt Application Fent ~ | [E=-][-0ar [ %?’
mﬁm R S A A AR e Ao Aa i S| cHtl  crel cHal el =

== Bunch length ~ 1.5 ns 9 ~ 45 cm

Filename of actual datal

st Tiggr
T T e M e e e e

Traces|
fioTum
Multiply Data with
Scale Factor (dB)
I
T e ey El
L | T e | eunchLength atostion
[ | oo ]

Trace
‘Separation) §

.30

RF on,
phase optimisation

@ Scope released
savetorie

Display Data: Switch to C¢
D Extract &
D ‘Show Bunch Length & Amplit
D ‘Show Bunch Length & Ampiit.
D Show Spectrum
D Display Contour Plot.

STOP
Bunch Length CH3
500.00m

RF on, phase adjusted,
beam captured

Lsf | vl Z




Orbit & Tune:

Tune: number of oscillations per turn

64.31
59.32

Relevant for beam stability:

non integer part

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

Rviews | R m 2| C3] ©E More | A4S

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

10

an = 10.590 / R§S = 4.376 / Dp = -0.

| L

v
L

H Pos [mm]
v =3

. i
——

| | ”‘le
INI‘—BI . @ .
200

0 100

-10

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

1Y)

10

= -0.323 /RM§ = 3.581 /Dp= -0.71

V Pos [mm]
o ©n
t

'
v
1

LHCh|

'
-
S

Monitor V

T T
300 400 500

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

Srann [aa | <] 1 [ 11 [

C-FPGA By

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:

avg. of 4 datasets

© 0 v

LHC - B1 - fill #894 - avg. of 4 datasets - HC.BQBBQ.5X4.B1 - 2009-12-03 14:03:57

LHC revolution frequency: 11.3 kH,

acao# ol misc [zx|e0 [~

-50

|

=)

o
1

horizonal amplitude [dB]

rapn [wsa = v [11][m8]

LHC - B1 - fill #894 - avg. of 4 datasets - HC.BQBBQ.5X4.B1 - 2009-12-03 14:03:57

T T
0.25 0.3

frequency [frev]

acor o] wise

-50

-60

vertical amplitude [dB]
1 1
® ~
=] -]
1 1

T T T T T T T
0.27 0.28 0.29 0.3 0.31 0.32 0.33
frequency [frev]

s

0.31*11.3=3.5kHz




Compensate the Chromaticity

Tune signal for a nearly
uncompensated cromaticity

(Q'~20)

028 0290 03 031 032 0JpRS 026 027 028 029 03 031 032 0.

... and the Coupling

roll angle errors of quadrupoles,
Solenoids of the detectors

Ideal situation: cromaticity
well corrected, (Q' # 1)
coupling compensated

YAy

26 027 028 029 3 031 032 05 026 027 028 029 3




Emittance of the Particle Ensemble:

x(s) = Ve | B(s) -cos(W(s) + ) () = e[ B(s)

Tellchenbohnen Und Envelopoe /
~ . - - . - )
< / /
/ / /

HJRG e

LHC Wirescanner

-2

A0

single particle trajectories, N = 10 ' per bunch

vertical: ov g =24.376 - um
2 T T T T T T T
15 _|
11 _|
05+ —
0 | |
02 015 01 -0.05 0 005 01 015 02

LHC: 0 =+Je* B =+/5%10"°m*180m = 0.3 mm



LHC Operation: Aperture Scans

Apply closed orbit bumps until losses
indicate the aperture limit
. what about the beam size ?

herap : hpl920e-: 11 May 200 17:11:58
8
: AN
6 I
» LN
B AN
3 / \
7 - .
1 - N
- “
_/;/40 -330 -320 -310 -300 -290 -280--7262i
A Position /m
3 bump to create T

local orbit distortion

20

Hor Orbit [mm]

-
=

o "“%1111111111111111111111111111111111111111111111111r\|||Il

A

A

/\/V }

,\
M.
\ »' %\Vi
AR

Hor Aper Scan LHC Sector 7-8

-20 ”
ol

W EEE R L EEE TR e R R T B R EEETETGEER] ]

3.0 3.5

4.0 4.5
Longitudinal Position [km]

5.0 5.5 6.0



LHC Operation: the First Beam

Measurement of f§ :

/),0 sl+l
2sin 210 -!;ﬁ (s)AK cos(2

AB(s,) = — 270 )ds

wsl _wso

AB/ B =50 %
LHCB2, 90 turns (12/09/08 12:38:16)

400
350 |
300
250
200
150 _‘
100

By[m]

0 5000 10000 15000 20000 25000 30000



LHC Operation: the First Beam

Dispersion Measurement

measurement corrected for incoming disp. —————

Ap
nominal model —— A Ax =D, (S)?

i I,,!--;:.. | Rviews | @ |82 T3] [ E More | k4B
I 1
' il 21/11/09 20-10-48 - FILL # 877 [21/11/09 20:13:46) i i i P
-l 31Mean = 1.124 / RMS = 0.816 2\ M
L) *»
— 2 T
i 0 vy v"v‘v \
2 14
- (=]
_2
-3 .
0 10 20 30 40 50 60
5(' Mu [2pi]
21/11/09 20-10-48 - FILL # 877 [21/11/09 20:13:46) [ N
0.4-Mean = -0.005 / RMS = 0.035
E 0.3 1 |
S 027
8 o1
(=] 0
-0.1
-0.2 1 T T T T T
0 10 20 30 40 50
Mu [2pi]




Be (m), B (m)

The Squeeze ... only at high energy

600, e ey
ss0. B B

s00.4 ;
450.
400. -
350. -
300.
250.
200. -
150.
100.
50,
0.0

LHC Injection Optics

00 &1 162

" 243

" LHC Luminosity Optics

Momentum offset =

magnet currents
during optics transfer

0.00 %

IRS

IR1

s (m) [*10%%( 3)]



Luminosity optimization

N.N N Ni = number of protons/bunch
L= VoS rer F-W Nb = number of bunches
ZJI\/Olzx + (722x \/Olzy + 022y frev = revolution frequency

oix = beam size along x for beam i
oiy = beam size along y for beam i

F is a pure crossing angle (®) contribution:

1
F = - FLuc = 0.836 ... cannot be avoided
2 @

2
O
\/1 + 22—S2tan
o[ +0;, 2

25 ns

W is a pure beam offset contribution.
... can be avoided by careful tuning
_ (dy-d)’
W =e 2(‘7;%1"‘03%2)




LHC Aperture and Collimation

‘/__,_..:-——» gl
— — *: —
Temary beamialo
+ had/on/c shqwers |

Yary beam halo

+ hadqronic showers §
: :50(:5 .

______________________________________

TCS.TCDQ
Settings @7TeV and *=0.55 m

> fieseel oG on Ghectan Grer Beam size (0) =300 um (@arc)
Beam size (0) = 17 um (@IR1, IR)5)

Cold aperture <« Warm cleaning insertion —Arc(s)— — P —
TCDI TCP TCSG TCLA TCTH/
TCLI/TDI e

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

+140



LHC Operation: Pre-Accelerators and Injection

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

BOOSTER (4 rings)

1st batch 2nd batch
yal N

@) s
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

72 bunches
.............. 84 buckets
cov ! the rise 26 GeV

Two injections from
BOOSTER to PS

Iy 1y 1y
FIRRR

1 vl

ES
I\
I
I

\,

W

ime of the P ejection kicker

18 bunches
21 buckets

1.4 GeV

6 bunches
7 buckets

1.4 GeV

f Up to four injections from PS of 72 bunches

S
7

Bumids aidi]  Bumds ajdnipenp

S
7

S
7




Injection mechanism: the transfer lines

Altitude SPS BA4

(m) site
s Route de Mategnin i
== Paint 8
450 — \‘\\ \ Ferney-Voltaire
PGC8 L_
PabEC
LSS4 MORAINE
SPS
oy, 400 — EI:\
- Juncy 0TI 8-LSS4 7
ey
Tig
350 — Existing tunnel Ul 86 .
1 Point 8
—_—
: J”LHC
MorasSE Junction TI 8-LHC \

1,5 km
LHCINJ.B1
. ® Il "ls . i - A51g¢ ’ plet
Q8 el Q7% |Qs BT QST \H\I Q4 D2 DL03 Q2 QI Ql
WLowsA wes |7 vow | OFBA " waw/ #MQI warl (| mar  weRe] xzzne TDI TG DMBXMIA  UOKE  WDXA  MEWMD MQYA
1 R Beaml | i BT T v
ﬂ B ‘. B 34
i | Beam2 10 L
12 J: £ hahzassllsaRs s i
2 228 08 s i
& “ 376.% i 4 145 e AT 2565

court. R. Alemany



LHC Injection: remember the phase space

» g =y(8)*x*(s) + 2a(s)x(s)x'(s) + B(5)x'(s)*
a J%

Injected Beam has to be matched
to the optics of the storage ring

Extracflon Injection

——sETX
i [ —EET"I

SREEEE

A II"'
i LIII‘ ! 1 | J‘" ‘Ill"\' Iyﬂll 1| [l '“ “P'"'I"ﬁm..’.""‘llo'lll
e '%‘”W A A 0 MMM

3800 37

4000
o)

sSPs Transfer Line

LHC

Regular FODO lattice

Initial matching section Final matching sectiojn
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H
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LHC Injection: Again ... high accuracy reqmii}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 tt
oscillationis1
increase. "




LHC Operation:
Machine Protection & Safety

Energy Stored in the Beam of different Storage Rings

Momentum (GeV~'¢c)

1000.00
| LHC top S——F =
\,_l HE
. energy { i__
— LHC injection \
= 100.00 (12 SPS batches) :
£ \\ Factor
9 =R - ~200
o 10.00 N,
2 ' = HERA
c = SPS fixed 7
— = target ] )
® N ig J
o 1.00 | | I ] N
g v SPS batch to = & TEVATRON
- LHC :
>
() RHIC
Lﬁ 0.10 proton
— it SNs §——=—-=1 SPS
T/ LEP2 L0 ppbar
0.01 - |
1 10 100 1000 10 000




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 302 MJ

Enough to melt 500 kg of copper /

-1012 8-1012 6-1012 450 GeV p Strahl




LHC Operation:

Machine Protection & Safety

... Komponenten des Machine Protection Systems :

e b

Collimators at
7 TeV, squeezed
optics

[1mm]

Total Losses: 0.0123 [Gray / s] 16.12.2009 15:34:13
1E-2

Sector 1-2 Sector 2-3 Sector 3-4 Sector 4-5 Sector 5-6 Sector 6-7 Sector 7-8 Sector 8-1

1E-37

p cleaning

1E-47

ilomentum cleaning

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

Start ‘ @ stop | Save | [] Continuous Saving |

beam loss monitors

ors

permit server

orbit control

power supply control
collimators

online on beam check of all (?)
hardware components

a fast dump

the gaussian beam profile

Intezrated losses
1p
01 L
0.01 |
rDamage|level TCH
0.001 ~C = -
t Damage|level TC : td”r = turpe
— DO | = __"__.3%1:_;;535 R
1e-05 '
0 10 20 30 40 50 60



LHC Operation: Machine Protection & Safety

A Before fathure D: After 115 tams

0.00015

oot What will happen in
: case of Hardware Failure

-5e-03

-0.0001

£.000135

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

Short Summary of the studies:
quench in sc. arc dipoles: 7 ,,,,=20 - 30 ms
BLM system reacts in time, QPS is not fast enough

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

failure of nc. quadrupoles: t ;,, =6ms
T damage = 6.4 ms — FMCM installed

failure of nc. dipole:



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 Vi-v2 0

t ;;;13
5 g@ } L1 (SC Magnet) L2 (SC Magnet) L154 (SC Magnet)
3 5
o O | M
Switch

Quench Heaters %

R (Energy
Extraction)

court. R. Alemany



Energy stored in the magnets:
quench

If not fast and safe ...

s -
e
4

>

Quench in a magnet 7
' 2 / 5 Y
’/ 5 ’f‘ ‘ ‘\\‘\\ %
// . p ',:"
e o ©

9

¢

d f/?//y///‘



LHC Operation:
Dump System

Septum magnet
deflecting the
extracted beam H-V kicker

| for painting Beam dump
the beam o
Fast kicker % About 700 m
magnet B
£

About 500 m

150

Beam Dump Block i
(graphite)

50

¥ [mm]

A0

-100

-15(

200 :
=200 -150 -100 B ) 0 101 180 200

X [mm]




LHC Operation: Machine Protection & Safety

Beam Current
. c t @
Monitors Safe LHC o

O Parameters
o o

DCCT Dipole
Current 1

_ o Kickers o
DCCT Dipole g0 Tracking
Current 2 !

RF turn clock O . ¢
Beam Dumplngol

|, System o'

o
o

2
Access Safety Trigger 5

System

Switches Beam

A Interlock

System
O
essential
circuits

Quench . q, o 5

Protection A l
: Interlock  ° '
Power Converters g System |_circuits_J

| AU e’
[ UPS g Timing

(0)

Injection
g° Beam Energy !

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

.. 1O COMmment



LHC Operation: Luminosity Runs

VLC media player
Fle View Settings Audio Video Navigation Help

a n m wo« oo = |

LHC Pagel Fill: 907.0 E: 450 GeV 11-12-2009 01:52:57

BEAM SETUP: STABLE BEAMS

Rl 1(B1): 6.28e+10 I(B2): 5.39e+10

Intensity

Time

Comments 11-12-2009 01:52:40 : SMP Flags
Injection scheme:
B1: 1(pilot), 1001, 18821, 22081, 27731 Global, Beaim Parmit -"
Setup Beam

B2: 1(pilot), 1001, 13141, 18791, 27731
Beam Presence U

first bunch on both beams low intesity Moveable Devices:Allewad In
Stable Beams I ¢

LHC Operation in CCC : 77600, 70480 PM Status B1 BSIEGIRSSERPM Status B2 ES|FA:IES6

0:00:00 / 0:00: x1.00 |“LHC Page 1"




Collider “Luminosity Run”: Background Optimisation
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LHC Operation: the First Collisions at 2.36 TeV

N

f‘( ATLAS Jet Event at 2.36 TeV Collision Energy

QW
NP 2009-12-14, 04:30 CET, Run 142308, Event 482137
.}3. EX P E R I M E N T http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html




LHC Operation: the First Collisions at 2.36 TeV

Rho Fhi JIF

CMS Experiment at the LHC, CERN

Date Recorded: 2009-12-14 04:46 CET
Run/Event: 124120/5686693

Candidate Dimuon Event at 2.36 TeV

pr(n,) = 3.6 GeV, p(u,) =2.6 GeV, m(uu)= 3.03 GeV




LHC Operation: the First Collisions at 900 GeV
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LHC Operation: the First Collisions at 900 GeV
LHCDb Event Display
|

L
23.11.2009 17:59:29
Run 62558 Event 278

.,A‘

..ll//igll[l!'lllll\-_‘

[ Ll oL A\

/

Monday 23, Nov









A Longrtudinal Proton Beam Profile
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Example: deliberate change of quadrupole strength in a synchrotron:
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tune spectrum ...

... for heaven's sake:
why do we get three peaks 22??
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Dispersion is visible
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Injection: Elements
fast high precision magnets
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\ Examples: Magnetic Septum

Kickerpulse for
Electron Injection
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