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. Basic layout of the machine
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. Basic layout of the machine:

the arc
LHC arc cells = FoDo lattice* with

B Il

i 90° phase ad @ance per cell inthe V & H plag

L 106.90 m
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z%gFS 20 s

g = =
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g 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 +
alternating order with nothing in between. Decapole

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

The FoDo-Lattice

A magnet structure consisting of focusing and defocusing quadrupole lenses in

BPM: Beam position monitor 3/42




. Basic layout of the machine

Golden formula (you should know by heart) Circumference =» FIXED!!! by LEP

o
1% >
O 26658.9 m

2T

-66% =~ 2780 m

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

pZe p(m)

B = 2 ~33320c)

We need SUPERCONDUCTING technology 0 5 ' | =

Field limit for normal conducting
magnets due to saturation 4/42




. Basic layout of the machine:
Superconducting magnets
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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
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He gas = liquid @ 4.2 K = superfl
@ 2.17 K

uid
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/ GAS
Saturated He II/(

TIK]

Total amount of He used @LHC
~500-700 T

10
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. Basic layout of the machine:
main cryodipoles (two dipoles in one)
o

* The geometry of the main dipoles (Total of 1232 cry.. B
Heat LHC DIPOLE : STANDARD CROSS-SECTION =

exchanger

Beam pipe (Ultrahigh beam
vacuum 1019 Torr like at
1000 km over see level)

He Vessel

Thermal
Iron shield

Vacuum
vessel (106
mbar)

L~15m
8.3T, 11.87 kA
T=19K, ~27.5ton 6/42
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. Basic layout of the machine:
main quadrupoles

LHC quadrupole cross section
55 per sector

Agrameet Fixture

Beam Screen Heat axchanger Fipa
Colo Bore Cold Mass Assambly
Supercanductng Cols Radlation Screen
Stairiess steel Collars Superinsulation
Iron Yoke Laminatons Tharmal Shiekd
nematue He |l Vessel Vacoum Vessel
Sl semnre INTEQrated gradient = 690 T
Nominal gradient = 223 T/m
Inominal = 11.87 kA
! [=3.1m
gradient of a 2p.nd

quadrupole magnet: 8 = @ CERN AC - 5Q1 - 12097
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. Basic layout of the machine:
main dipoles =>»Field quality

The magnetic field of the main dipoles:
The stability of the geometry of the superconducting

coils is essential to the field quality.

Mechanical stress during coil assembly :
|=sources of deformations

of the coil geometry

Thermal stresses during cool-down

Electromagnetic stresses during operation

Additional sources of field errors are the dimensional tolerances of the
magnet components and of the manufacturing and assembling tooling.

The relative variations of the integrated field and of the field shape
|mperfectlons must not exceed,;~ 10 4 and T T




. Basic layout of the machine:
main dipoles =>»Field quality

Why the tolerances are so tight!?

=» Because the field quality determines how long the
particles can circulate in the accelerator

co . n-—1
_ _ X + Ly
B, + iBy = Bye Z(bn tia,) ( )
n=1

o o Rref
n =| =» dipole RS S 17 mm
I EE BE
n= quadrupole %5__5 (-\/4)2

n = 3 =» sextupole
n =4 =>» octupole
n =5 =>» decapole

Up to which order do we care!
=) ~ 104
=>» Up to n = 7 at least 9/42




. Basic layout of the machine:
main dipoles =>»Field quality

al Closed orbit perturbations and thus feed-down Dipole correctors (MCB)
bl contributions from higher order multiple errors

Linear coupling and vertical dispersion
Tune change, ispersion beating

Chromatic coupling and Q” Skew sextupoles (MSS)

b2 feed-down at injection (persistent current Sextupole (MCYS)
effect) and off-momentum [-beat

a4 Dynamic aperture (DA) at injection

b4 DA and Q” at injection Octupole (MCO)
a5 DA for off-momentum particles at injection

b5 DA and Q’” at injection ~ Decapole (MCD)
a6 to DA at injection EE'SeXtUpOIe
b7

& sextupole+octupole 10/42




. Basic layout of the machine:
dipole corrector magnets

106.90 m

Nominal main field
strength = 1630 T/m?2
Inominal = 550 A, 1.9 K,
L=15.5cm, ~10 kq

MCD:

Nominal main field
strength ~ 120 T/m*#
Inominal = 550 A, 1.9 K,
L=11 cm, ~6 kg

MCO:

Nominal main field
strength = 8200 T/m3
Inominal = 100 A, 1.9 K,
L=11cm, ~6 kg 11/42




. Basic layout of the machine:
quadrupole corrector magnets

106.90 m

LHC TDR
MQT/MQS

MQT: Trim
guadrupole
MQS: Skew trim
guadrupole

MQT/MQS:

376 twinaperture assemblies Nominal main field

_ R supplied by Tesla Eng. strength = 123 T/m
MSM (sextupole): MCBM (dipole): =S . > Inominal =550 A, 1.9 K
Nominal main field Nominal main field L=38 cm, ~250 kg

Nominal main field
strength = 4430 T/m? strength =2.93 T strength = 63100 T/m3
Inominal = 550 A, 1.9 K, Inominal = 55 A, 1.9 K, Inominal =550A, 1.9 K

L=45.5 cm, ~83 Kq L=78.5cm. ~143 kg L=38 cm. ~8 kg 12/42




. Basic layout of the machine:
quadrupole corrector magnets

20.) Chromaticity:
A Quadrupole Error for Ap/p # 0

sample trojeciory

focusing lens k=—— =
(=4
Sextupole Magnets: L
2 a2 cell langth . }
zzzzzz /‘\ N'T's Figure 20: FODO cel particle having ...
| w = WAL fo high energy
el ek (B gh energ

P‘TV\?{G(@)/M N S‘,f.’N /\\ fo fﬂ“l energy
~— 1

(Courtesy of B. Holzer) ideal energy

£ F R I e S é Why the orbit and sextupole correctors
il ] DT [““Aglg,lm fffff I N are placed close to a quadrupole?
2¢ g 9

LHC TDR

13/42




. Basic layout of the machine:

quadrupole corrector magnets
i cos(jy, —w,|—7Q)ds
B (m) it
| Magnet
% : T % zjstrength
e Bl e e e e e e R R Rl
ek - - -
R e R S L T e e N g B
1 ' -~
Q e § kqua (s) B(s)ds + (Natural chrgmdticity term)

Chromaticity correction terms =

14/42




. Basic layout of the machine

Vs 3
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. Basic layout of the machine:

Dispersion suppression

o DS = | :
| on1 Q10 | Q9 Q8 |
|

ARC

| : L

| >, A

L —-lc—l—gl —E_ﬂiL ) —
IS Ii }Iﬁ_

:‘jj R L _____H_I_

The schema applies to all DS except the ones in IR3 and IR7

‘-: l/IBAR(

1 =l

Cancels the horizontal dispersion generated on one side by the arc dipoles and on
the other by the separation/recombination dipoles and the crossing angle bumps

Helps in matching the insertion optics to the periodic solution of the arc

If only dipoles are used they cannot fully cancel the dispersion, just by a factor 2.5.
Therefore individual powered quadrupoles are required (Q8-QIl | with | ~ 6000 A)

1Ap
x"+K(s)x =——

@ p P
x(s) = xg(s) + D(S)A?p
16/42

dipole magnet a=

(Courtesy of B. Holzer)




. Basic layout of the machine:

Dispersion suppression

e Tz = 13 s Te Bl s s BE[ o - B - &
Ers g | g - .
S ||&a || 3 a || 2 é a | 2 @ 8 3 é a8 | 2 %D(s) is created by the
2 5 ARC DISRERSION. SUPPRESION. | dipole magnets and
21 |m ) 0m ‘ afterwards focused
12850 12900 2| 13000 13050 DY the quadrupoles
geam S\Z° it s (m)
Direction IP5
The inhomogeneous solution changes the beam size ... o= _tn
_ﬁrelyrel

At 7 TeV in LHC: en=3.5 ym rad, =180 m,D=2 m, Ap/p ~ 103

o= +/0.084-10"6+4-10-6 = o)

2
Ap
o= \/Gzﬂ + 0%, = \/8,[)’ + D? (?> |:> What is the beam size at 450 GeV?
2

= \/%7)3 +D* (Agp) = (@7 TeV)~7463 y(@450 GeV)~480 p=1

> 0= V13-106+4-10° = 0,+30%0

When you design your beam pipe you have to
take into account the contribution of D(s)

Why do we suppress dispersion before reaching the IP?

17142




. Basic layout of the machine:
Dispersion suppression

Nominal gradient = 200/160 T/m
Inominal = 5.4/4.3 kA
Lmag:2.4/3.4/4.8 m

T=1.9/4.5K

Cold bore ¢J =53/50 mm
Individual powered apertures

18/42



. Basic layout of the machine

Vs 3

= T L e

P

LHC (27 km)*




. Basic layout of the machine:
Luminosity insertions

ATLAS InnerlTripIet Separation/ Recombination Matching Quadrupoles DS
RL o : ‘ " g
Q1 Q2 Q3 D1 Tertiary Q7
Pl CZE) _ w387  collimators
e 00 S  mliE=EE = 0 = e

. ﬂ SRR ERAE L
— = 19K [. Warm

6.45 KA 10.63 KA l

LSS

low-5-inplet ||

Magnet Ql | Q2 |Q3 || Q4 | Q5| Q6| Q7
# 1 2 1 1 1 1 2
Type: XL X |XL| Y ML M
MQ-
L [m] 63 | 55|63 | 34 |48 48| 34

T[K] 19 45 19 | e

G [T/m] 2001705 160 200 [ T i

7 [mm] (2385 zs_g‘D‘ 29. T22.5i 222 | A. provide sufficient.aperture for the Xangle
2405 24.0 1765 - :

N18.95
*Protectmw\“ 1€ Mechanical aperture .lof the inner triplets limits the
A AV AL S maximum * @IPs and the maximum Xangle = limit peak lumi

coming from the IP R

4 20/42




. Basic layout of the machine:
Luminosity insertions

Q3Q2Q1 Q1Q2 Q3

IP5

21/42



. Basic layout of the machine:
Luminosity insertions

With nominal LHC parameters:
2808 bunches separated 25 ns

We can have up to 30 parasitic interactions around the IP

22142




. Basic layout of the machine:
Luminosity insertions

23/42



. Basic layout of the machine:
Luminosity insertions

Aperture limitation
D1 D1
I IP m I

Crossing angleég. 285 urad)

Beam-beam separation \

Beam-beam separation = f(0) o= |p €n \
Aperture limitation = f(0, beam pipe size) (BY)rer

2

S
B is very small at the IP, but very big at the Inner triplets = L(s) = B* + E

Therefore, the quadrupoles around the IP have such a big apertures
24/42




. Basic layout of the machine:

High luminosity insertions
ATLAS

CMS

five-storey building




. Basic layout of the machine:
Low luminosity insertions

LHCINJ.B1

® 1=

“Whme, T i .
”E'T::f = | Wl - :\'ISI

Q8 WEEH ,I Mg Q6 12 mrad H

WL WBA MBS [T MoM [ OFBA wOM/L

= = e B

g triplet
D1||Q3Q2 Q1
v
TDI TCODWEKDFBK(MGNA  WGKB  WGKA

adaly LTWHJ.'.H

b Bl
E %

] 1w ] 3 14
1470 . _MEW .
&l 6 LAET g | ama

— — —

Extra challenge =» the lattice has to accommodate the injection region

26/42




. Basic layout of the machine

106.90 m ber"
num :
0 er cell 1S @ good A

ad\lan | \

_ 900 phaSe - 1 HEEEE |-

— H_Jr___;‘!f_”é____M___I"Pﬁé ________ MEE o MBA g MBE

o) n Q@ ns @ W o %)

2 g3 ekg 9 28 e LHC TDR

Which parameter determines the beam size (ignoring D(s))?

2 _
e = &xfx +&y By
(In general in proton machines ex=gy =» beams are round)

In order to get the maximum aperture possible the [3(s) in both
planes have to be minimized:

d _d (1+sin§)L (1—sin%)L _d (2L _
du (Brmax + Bmin) = du sinu + sinpu Tdu (sinu) =0
L =0 => =90°
sin?u COSH = H=

27142




ll. LHC Operational cycle :

—L AL —

SQUEEZE

Current (A

STABLE BEAMS...

—Vuavay

L \od

z
=
o
o
o
=
<
i

INJECTION PROBE
INJECTION PHYSICS
PREPARE RAMP

M. Solfaroli Evian 2012
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ll. LHC Operational cycle:
Squeeze =» reduce [3*

Squeeze the beam size down
as much as possible at the
collision point to increase
the chances of a collision

N,N, N, J

472@» Brhve

* So even tough we squeeze our Ni2=100,000 million protons per bunch
down to |6 microns (1/5 the width of a human hair) at the interaction
point. We get only around 20 collisions per crossing with nominal
beam currents.

Relative beam sizes around IP1 (Atlas) in collision I ~

* The bunches cross (every 25 ns) so often we end up with around 600
million collisions per second - at the start of a fill with nominal current.

* Most protons miss each other and carry on around the ring. The beams
are kept circulating for hours =» 10 hours 29/42




ll. LHC Operational cycle:
Squeeze =» reduce [* (f @IP) |

- o000, ——— st = DU00. - T T .

= ssod B b o 4500. B B~ 4500 m i
= 5004 | o I

E o] | £ 4000. {5 4

a 4509 | 180 m 5 e -|R1 IR5 |R:[

SZ

ﬂ*

B(s) = B* +

1500.
1000.
500.
0.0

wiied TR B 0.0 8.01 16.02 24.03
Why we cannot have p*= 0.5 m at injection? @IP p*=0.5m AL o BV
P g 1 Rbeampipe~29/24 mm
& n B _4500 m 000, LHC Eror Analysis_MADK 3.00.03 0312008 10.35.00 we could Only
0= (B ~—1/(@450 GeV)~480 : .- accommodate ~ 4
(BY )rei en=3.5 um rad g :OZZ times the beam size
. 3 - -y and we need at least
emember: 2500, ] 70 clearance
there is no o~6mm!l g
D(s) here b @ 7 TeV
ey or~1.2mm
o 30/42
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ll. Beam measurements: ilations:
Beam trajectory

= YASP DV LHC \{ VOU C
| Bviews | 7[R (m)[2 ]z ] [ more | B

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

dan - Jo.500 / Rfs - 4.376 s 0p - -0.]h E

— s :
E ;
s 0 N 1
R | ] I
== B

-5 : : !

10 INJ-BL TCS6.5L3 CMS

- T T T T T

0 100 200 200 40"

Monitor H

Betatron oscillation

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

3.581 / Dp = -G.71

V Pos [mm]
o (9]

1
L1
1

T
100

=
L)

=

Each point is a BPM
(Beam Position
Measurement) A

49 mm aperture 31/42
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ll. Beam measurements:
Beam trajectory correction

|Roviews | 88 m| =88 ) - (28] more

-Befure correction [11/09/08 21:50:38]

— 10
£ ean = 0.141 / RMS = 2.952
£ 5
T 0
=
2 -5
=%
1o+ T T T T T
0 100 200 200 400 500
-Diff. MICADO /4 iter / V' [11/09/08 21:50:38]
— 10
E ;- Mean = -0.048 / RMS = 2.128
£ o
=
2 -5
B
1o T T T T T
0 100 200 200 400 500
-After MICADO /4 iter / V' [11/09/08 21:50:38]
= 1o
E |Mnan =1 _

T T T
200 400 500

- ” F P D, 0 é
2%” R '1"';;:;a"“[ﬁil"';;ér“Lﬁlﬁ:j‘"'&;arjii“";;s;“ig‘l"";;;“'
R oo d T
/’éga/* g iazh : s \E_.l
0 /;%/_, 7 . 2 LHC TDR
& 6 twinaperture assemblie Why the orbit and sextupole correctors

are placed close to a quadrupole? 35,45
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ll. Beam profile measurements: 4
Beam | on TDI screen — It and 2" turns

#| BTV - SPS.USER.LHCFAST2
Eile Tools

o] P © & [ @ Sep 10 10:26:13 SPS - LHCFAST2  CNGSS - 03 LB

rSelection rLHC.BET¥SL.CSL2.EL

Dk LHC.ETVSI.ASRS.E2 .D I:‘ . : :
LHC.BTVSL.C5L2.B1 (1 of 1 acquisitions) Cycle: LHCFAST2 SC Nb: 700
LHC.BTVSLCSR8.B2 Imag 13 O

LHC.BTVSS.6L2.E1

LHC.BTVS5.6R8.E2

[

Ceramic screen

-—

LHC.BT¥ST.A4L2.B1

LHC.BTVST.A4R8.B2 =
rStatus
Device: LHC.BTVSLCSL2.BL (|| | R TS | R e
Status: ok
Mode: QFF
Control: REMOTE
rsetting

Basic rAdvanced rExperl |

E
- . A £ Image
Filter: out |~
| o - .
. . w o=
OTR screen Control and Acquisition VME Card

> beam < Scintillatour ﬁcreen for LBDS

.

—

Window

Titanium screens

s triplet
: " D1||Q3Q2 Q1 1
(Optical Transition H IQ Q2 Q Q

. . . TDI TCDDWEX DFBX|MQKA  WOXE  WOXA MEWMI WA

Radiation material) Beam1 | T weer [ IP2 1 v

Intensifier-CCD -— ; # % i

Beam? A1 L

o 3 | B “J_,:\S 151] i

Rl | i .

Mirror s e e e -
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ll. Beam profile measurements:
Emittance measurement - Wire scanner

Where would you install a wire scanner in LHC to get the Particles generated by the interaction
beam size and then the emittance? wire - beam
Beam B

Vacuum pipe

"""

Vertical movement,
Horizontal with another scanner

| N Control and W‘PM current
: ] | position acquisition J

Scintillator

Optical filters
iy Photomultiplier
| : \

a ] : !
- ;‘ ellG > ¢ = GZ/B Preamplifier
e

| aty ']E\. ,\
mm g v §

i

e e Which we meaéured before

fumple of a beam transversal profile

Courtesy of A. Guerrero 34/42



ll. Beam measurements:
Aperture scan

Hor Orbit [mm]

-
=

]
=

—
2

o
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-
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—
=]

]
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o

Wl “UilllllllIlIllllllllllllllllllllllllllIllllllllllllhlll]l]
| ﬁ '\ M‘A \».M\ :’ ﬁ A '& 11’.'
!// "" ?\ 7:\\ N: \;“\ / 'ﬁ‘\’l'yﬁ‘@% vv ‘\/; 3
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i 3‘0Fllll|llljslllIIIIII&LIIIHIIlql.sIIlllllllnlllllllllslslllVIII]]]'
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/A I\ AV /4 ’ //\/ (,' b/A
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ll. Beam measurements:
Dispersion measurement

[ views | | m) =5 = E=] | More JeAS

Lllf'llfl]g 20-10-48 - FILL # 877 [21/11/09 20:13:46] &

=

= 3Mmean = 1.120/RMS = 0.8]6 . * .

S 2y | i Aol b omuion, Wi i, gl
Zé_ ; i l - NI | b . il vyl - AT | bl Ak \ v l"i‘ K
2 i ‘ : -
8 21_ ! OFF-MOMENTUM

g ’IRS/ particles cleaning system

O T T T T T T
2y 10 Neo——" 30 40 50 60
S Mu [2pi]

I

1/11/09 20-10-48 - FILL # 877 [21/11/09 20:13:46] =

g4-Mean = -0.005 /RM5 = 0.035

0.3
0.2 7
0.1

L]
|

1 1
=)
[

Vertical Dispersion (m)

RF __— 36/42




ll. Beam measurements:
Beta measurement

a quadrupol error leads to a shift of the tune: 1t Change quadrupole strength in steps

-

:'j:hl ikﬁ(.g“l aTS B ,iqu.ngdﬁ
4 4

AQ= |

50

2nd Measure Tune

3" Plot Tune vs Quadrupole strength

Example: measurement of 7 in a storage rving: GI0E NR
fune spectrum — y= - TEE TN~ 03EE3
~, 12:m e
O 02850 _-H—‘—l"—lﬂ__-‘"'-"i_-_ﬁ
>< afiel-la i |
0.2850
0.2800 . d -
J.01250 (e ekl ia] 0.013=0 0400 J.04450

Courtesy of B. Holzer (lectures)
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ll. Beam measurements:
Beta measurement

0.6 no correction
local correction
0.4 global correction =

0.2 k=

IRS IR6  [R7

LHCB1 3.5 TeV

0.6 "

B* = (1.5,10,1.5,3)m

10000 15000

Longitudinal location [m]

Reference: Record low beta beating in the LHC
Tomas, R. et al. Phy. Rev. Special Topics - Accelerators and Beams15(9).

0 5000

20000 25000

Achieved B-beating error 10% !!

38/42




ll. Beam measurements:
Non-integer tunes

FODO: W=180°
> )\ 4 Every 2xT we measure the
same position:
F/ 12 1 1
ﬁzfQ =Q'T=Q'ﬁ‘ev
y - Q=05
BPM
BPM pos = FFT = tune
S 3 —L"F_‘ \ With a frequency of ~3 kHz

we measure the same
beam position

T, Te Qx-fre\ngZ
QX = 279 oc
Qy =.310

39/42




Il. Beam measurements:
FaSt BCT (Beam Current Transformer)

Torus to guide the magnetic field

~— 9

LHC Fast BCT - August 2012

3] ~ REA: Incop | i@l Snapshot

@Uiews | R |m| =88 5 || More |u& Acquisition | Configuration
B1 Bunch intensitiies [16/10;12 03:04:38] : G h i i i i g gI | Acauisition status
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High Light of the LHC

production rate of events is determined by the cross section 2, ,
and a parameter L that is given by the design of the accelerator:
... the luminosity

— | * 1 12
R=L*Y . .~25———10"b =some 1000H
react 10_15b
1
1
i
% P aTLAS Prelimi \E=gTev | = ] o
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| Lat ~25 7

Official number: 1400 clearly identified Higgs particles “on-tape”
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High Light of the HEP year

ATLAS event display: Higgs => two electrons & two muons
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. Basic layout of the machine:
Superconducting magnets

 Superfluid helium =» Why is it so great?!! —)

* very high thermal conductivity=> is able to
conduct away heat a thousand times better than a
metallic conductor like copper

* very low viscosity coefficient =» can penetrate
tiny cracks, deep inside the magnet coils to absorb
any generated heat

* very high heat capacity = prevents small
transient temperature fluctuations




- DPO7254 Acq MR Time 1CH with CH3 Inverted.vi Front Panel o =] |

=
=]

_Eilr: ;dL_ diev  Prujecl _Qp:rdll:: Tuus ﬂﬁllwd:;‘:;: ) B : :
[ [ew] @[] [130t Appication Fert | « | [Boe |[aoav [ ] [£0+]

CHi Wi mtain Targe]

Turn number

Now RF ON

T T T T T T 1 o e T S
0.0 20n <0n 000 30n 100 l2Ch 14.0m 16.0n 10.0r 20.2n Z2.0n 25.0n

=

= = Bunch length ~ 1.5 ns =& ~ 45 cm




Beam parameters (nominal)

Proton energy GeV 450 7000 4000
Particles/bunch .15 x 10! 1.6 x 10!
Num. bunches 2808 1380
Longitudinal emittance (40) eVs 1.0 2.5
Transverse normalized emittance umrad 3.5 3.75
Beam current A 0.582
Stored energy/beam M] 23.3 362

B*=0.55m Peak luminosity related data
RMS bunch length e = 0.5 nm rad cm 1 1.24 7.55
RMS beam size @IP1 & IP5 = oxy = Vep Mm 375.2 16.7 S:] Z gg Tlm
RMS beam size @IP2 & IP8 = oxy = V&P um 279.6 70.9 rad
Geometric luminosity reduction factor (F) 0.836
Instantaneous lumi @IP| & IP5 (IP2pb-pb, IP8)  cm2s! 1034102, 7103

1032)




] 2012 Performance evolution - in one slide

( Peak lumi increases with brightness and mean bunch length )
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2012 - Luminosity Delivered

Delivered Luminosity [fb ']
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pPb physics during 201 3
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Wire Scanner Application
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. Basic layout of the machine:
main cryodipoles (two dipoles in one)

* The geometry of the main dipoles (Total of 1232 cryodipoles)
VERTICAL HORIZONTAL

LHC DIPOLE : STANDARD CROSS-SECTION
PLANE POPTION w wee | geam PLANE

MAN QUADRIPOLE BUS-BARS Length Of the bend
part =14.3 m

The theoretical
shape of the
beam channels is
a straight line,
while the natural
shape has ~ 0.3
mm deflection
between two
supports at 5.4 m
distance

mrad with p = 2.8 km. The shape of
the two beam channels is identical.




ll. The experiments:

Low luminosity insertions: LHCb

Centre of the exp cavern

(c) Beam 1. collision ontics

43 42K 43k 45k 14k NPE (CEWTE® OF U0 ES) LK 45K
Qs Q4 D2 D1 11Q3 Q2 1 Qt Q72 Q3] D1
[FEM OFBM §
faN | J L__ML'JT MERC] MEX DEENMONA  MOXBE  MOXA MEBY) MOXA  MOKB  MOXADFBK NEX TCOD
=1 FE ER B 8 MBxws |
B — '
ET g
| L (| T N i
Earjeissg il ss prge s 7B
il 4748 lissg
1% 2181 255 1| | _ads 53845 345 3057 22965 |
Fi K 1L
c I r 5
_ s, HECRSBeamli 22
£ . I ) E
ot 2250, 1 A i - 2.0 -
£ 2000. ~ \ - 1.8
== - 1 s
1750. , L 1.5
1500. Il - 1.2
1250. - 1.0
1000. 4 - 0.8
750, 4 - 0.5
300. 1 \ - 0.2
] | |
250. | L - 0.0 —ar— T, ST —
] i | a 5 Y 1Sm
0.0 4 L [, Vi) N e 0.2 - =
0.0 300 &00. 200 1200




V. Momentum and betatron
cleaning insertions (IR3, IR7)
Multl -stage collimation at the LHC

Protection
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_—é':‘:_
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i

— o o —
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i
f
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i
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Secofdary beam hafr:r
+ hagironic showers

Beam size (o) = 17 um (@IR1, IR5)

(An illustrative scheme)
Primary Secondary Shower Tertiary SC
i collimator collimators absorbers | ! collimators ~ Triplet
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S: Redael, OF WG on Gheckou, 08-11-2007 Beam size (o) = 300 um (@arc) 4




. Basic layout of the machine:
quadrupole corrector magnets
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ll. LHC Operational cycle:
Squeeze =» reduce [3*

IT MS DS

B B+ ATLAS=CMS

||

B (m), B (m)
N
n
S
S

Remember what | said in slide 23
=» The mechahical aperture of the
inner triplets limits the maximum
B* @IPs and the maximum
Xangle =» limi{ peak luminosity

..................

0.0 -
12.850 13.135 13.420 13.705

Momentum offset = 0.00 %
s(m) [*10%%( 3)]




ll. Beam measurements:
Integer tunes
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