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Synchrotron (1952, 3 GeV, BNL)

New concept of circular accelerator. The magnetic field of the bending magnet varies with time.

As particles accelerate, the B field is increased proportionally.
The frequency of the accelerating cavity, used to accelerate the particles, has also to change.

— / Deflection
elect'rodes

B = B(t) magnetic field from the —
bending magnets

_ - - LLd nternal SRRt CLype Jap
p = p(t) particle momentum varies T _corgetand __ _inflector [| 1
by the RF cavity /7] extraction i
: l , Ana{y&ing
e electric charge RF station maghet
®  constant radius of curvature Electrostatic
e R g 10y setor
Bending strength limited by used technology =S R Bp —
to max ~ 1 T for room temperature conductors
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How to get protons: duoplasmatron source

Protons are produced by the ionization of H> Anode _
plasma enhanced by an electron beam EXxpansion cup

Magnets
H> inlet —>

— To Linac

Electron cathode Plasma chamber

Proton exiting from the about 1 mm? hole
have a speed of 1.4 % c, Vv 4000 km/s

The SPACE SHUTTLE goes only up to 8 km/s
Today we have an H- source, 2"d |evel lectures

Back of the source



Source electrical scheme

ARC SUPPLY
= +

———— ]

ANODE

HOT CATHODE —I
Heated by AC supply - CW —I

INTERMEDIATE ELECTRODE

magnetic

Courtesy R. Scrivens
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cErnYy  Inwroducton to accelerators http://cern60.web.cern.ch/fr/exhibitions/duoplasmatron
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AControl Center: first LHCday
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How to get antiprotons

Starting from high energy p p+pn —p+ph+ph+p

and with a very low efficiency 10%3 p to have about 107 antiprotons

/j/ Introduction to accelerators
\ S. Gilardoni
Z

NS



Building Blocks of an accelerator

2) An accelerating system

-

1) A particle source

/w Introductior
\ S. Gilardon
yard

\



7
How an accelerator works ? keep enough CHARGED

Accelerator particles confined in a well defined
volume to accelerate them for a
sufficiently long time (ms - hours)

How ? Lorentz Force!

F(t)=¢q %JFW)@%)

_ x  Electric field _ ]
An accelerator is formed accelerates particles Particles of
by a sequence (called lattice) of: different energy

. _ _ (speed) behave differently
a) Magnets Y Magneti c FiI el d o | |
Magnetic field confines particles

b) Accelerating Cavity Y Elogeagiventrafectdryi el d
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F(t)=q(E(t) + v(t) ® B(t)
—t

Linear Accelerator E FB

Circular Accelerator
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accelerator works ? A dipole

/, Particles of
different energy
(speed) behave differently

}

Magnetic field confines particles
on a given trajectory
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B Dipoles

Bend 1% Design
magnet __ orbit Force given by the vertical magnetic field compensates the centrifugal
S force to keep the particles on the central trajectory,
l.e. in the center of the beam pipe.
F P (S ) A fast dipole, able to deflect the beam in few ¢ gs called kicker. A

kicker is used to extract the beam from the machine.

NEW SPS-PAGE1 USER:CNGS1 21-06-09 18:26:06

FLAT TOP: 90ms BCT3 B 21-06-09 18:25:27
TMG MODE: COUPLED SC:21852 SC LENGTH: 18BP 21.64 . .
Rate"E 10 400 Gev/c CERN-SPS dipoles, in total about 500
2267 2158 4083 38092 3892 400 ] _
TT2 INJ1 ENDSFB FTQP SEXF DR - N
AT: 4488 ms$
1/E11 6 EXPMT
41.0 g H2/H4
40.3 HG/H8
141.1 COMPASS
09
1874 0.0 . CNG
199.3 0.0 . CNG$
Comments p1-06-09 1B8:11

. ]
-3 - o
A
“
" -

————— > Phane: 77500 ar 70475|<

time (s) [21.6 S
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B-field right hand rule




The first cyclotron and the Berkeley one

Dees . RFpower Dees
/ / N\ ’j
/'/';'ﬂ | )
E— ~pa =

Extraction

electrode Spiral
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4 )

Two-Iin-one magnet design The LHC is one ring

where two accelerators
are coupled by the
magnetic elements.

— \_ J
—
= 1232 dipoles
i 15 m long
B 11800 A
o Nb i Ti superconducting
B o1 oz
o -o

cable in a Cu matrix
LHC livesat 1.9-2 K
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The force generated by this at liftoff
Fokew Betwetw ¢PRLS £

E' ro I; Ia
T~ ol

I: IL: 44&”

d: HGo M

Foy = 340 W“”?
2 78 oF do cARS
) ?:ﬁDT - So.do. SA0 A~ ;?-,lC’QAj/g‘v ‘

LHC dipoles

Max Current: ~ 11800 A e .

Max Field (7 TeV): 8.33T p— At _every meter of _th
Temperature: ~2K A @ [ ey

Tot. Energy stored: ~10 GJ — -

To compare =

Current at home : 15 A i

Earth magnetic Field: 25-65¢T
Temperature : 297.15K (24 C)

S E
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oo
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The cos ¢ coil

* Consider now the field generated by two wires
* They carry equal currents in opposite directions

A A

/1 Y

* Now consider the geometry with the two wire partially overlapping
* The current in the overlap is zero

* The magnetic field in the overlap is uniform and directed along y
*CB, = By + By

B, = By, + By,
By = - %Jlrl sin f ﬂ\ By = %Jlrl cosf
By, = - nf Jary sinf 4 i 1;?3_1 = ’Lf-J:"z cosf 5
B, = m, ?(rl sinfy - rysinfy) B, = - m, %crl cosfy - 7 c0sf)
rsinfy, = rsinf, B,=0| |B, = ”b%i pFpcosfy - neosfr =d

Introdud

Collider Physics - Francesco Ragusa




Cosd coil of main dipol es

A 2D cosd cur
distribution generates a
guasi-perfect vertical field

In the aperture between

the two conductors.

rent

I = I, cos &
I
By = B9 %o cos ©
2 r,

21,

Dipolar Vertical field
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CeENTRIDETAL FoRcee
/A C F.c = W.E_l. Fc = %
g |
Mo = 4232 Lpipis = 44,34

LTc‘rm p= A23Lw A¢3 = A YA m

A Y6 AL

Revmuil PADIUS —n 1 - =

Ny = 28oum
3T, o Fo=AAAT

Fe = 2ol m 2804t

Fc= (4-/(0"011/’




Force scale (from Wikipedia)

Factor (N) Value ltem
10747 3.6 x10~4” N | Gravitational attraction of the proton and the electron in hydrogen atoml']
10730 8.9 x10730N | Weight of an electronl']
10726 1.6 x 10726 N | Weight of a hydrogen atom!]
10724
yoctonewton (yN) 5yN Force necessary to synchronize the motion of a single trapped ion with an external signal measured in a 2010 experimentl2l3]
10722 170 yN Force measured in a 2010 experiment by perturbing 60 beryllium-9 ions!*I[5]
10-15
femtonewton (fN)
1014 ~10 N Brownian motion force on an E. coli bacterium averaged over 1 second!®!

~10 N Weight of an E. coli bacterium(71(€]

10713 ~100 N Force to stretch double-stranded DNA to 50% relative extension!®]
10-12 ~4 pN Force to break a hydrogen bond!®!
piconewton (pN) | ~5 pN Maximum force of a molecular motort®!
10-11
10-10 ~160 pN Force to break a typical noncovalent bond!®!
107 .
nanonewton (nN) ~1.6 nN Force to break a typical covalent bond!®!
10°8 8.2x10°8N | Force on an electron in a hydrogen atom!!]
10~7 2x10~7N Force between two 1 meter long conductors, 1 meter apart by the definition of one ampere
:noi:onewton uN) 1-150 uN | Output of FEEP ion thrusters used in NASA's Laser Interferometer Space Antenna [°!
1074
1072

millinewton (mN)

ligelelils | 102 19-92mN | Thrust of the NSTAR ion engine tested on NASA's space probe Deep Space 117







Pressure on conductors ~ 110 MPa
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About same pressure
at the bottom of
Mariana trench:
11 000 m of water

THE SCALE OF THE DEPTHS

The Mariana Trench - pitch black, icy cold, and with
crushing

e made the

ut a I Ware (
remarkable dive. a
competitors and the challenge they face.

Guam Island Sealevel

THE CAMERON MACHINE

¢

© Manutacterer: Triton Submarimes
Height:41m  Descent: Soy/min
| WidhcAlm  Thrust: Fow progs
Breadth:22m  Crew: Pikat + two

Escape pod: Fully
jettsonable sghere

THE BRANSON MACHINE I




DiPoles

(W)

-’%120mm -4-
Ae

BoT- SavmeT

R. T
“Trd

Average distance between cables
and beam pipe center

d:Q.n = LS mmn —

T. 1doA = l%cmo,os‘l— pcvwfo&l
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Real LHC orbit - correction of dipolar error

Real orbit taken the 1st day of the LHC

= YASP DV LHCRING / INJ-TEST-NB / beam 2 [- =
| @ views | (5[ [m][ =]z [EE] C[EE] more | [AB) _
1 i -11:;.336 / RMS = 2.868 f Dp = -0.37
& el : | |
S B f "
o = | |
N AN [ e _ wm s iz TH
=
= .
o
N , , [ powrs]
~ 27 km
Please notice:
Horizontal and vertical scale are different by 6 orders of magnitude Courtesy of J. Wenninger
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Impact of Earthquakes on LHC (not only)

The impact on LHC of seismic waves depends on amplitude, wavelength (lattice resonances),
wave type (longitudinal, transverse)

Y-axis [au ]
Y-axie [au)]
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An earthquake in Costa Rica

A By scanning the logging data M. Fitterer found a candidate earthquake of

A UTC time of the earthquake :
A 05/09/2012 14:42:10
A Arrival of the first waves at CERN ~15:06 UTC.

o
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Costa Rica earthquake 1 orbit response

. 0.10
£ (< —
% E 1 hour !
g A Earthquake visible on the ring radius
: for over 1 hour.
oo A The first waves (6 km/s) seemed to
affect the LHC mainly radially 7 but
0 500 1000 1500 2000 2500 3000 3500 It |S al SO Weaker

A The second type of waves (4 km/s)
IS visible in radial and transverse.

—— Horizontal
—— Vertical

Orbit rms [ um]
S

From J. Wenninger
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Time in seconds from 05-Sep-12 15:00 UTC



Very, very short introduction to Superconductivity for accelerators

Superconductivity is a property of some materials.

Current Density
kA :nm_lz]t} At very low temperature they can carry currents
: without voltage drop, i.e. their resistivity goes to zero.
B LHC cables: Nb-Ti working at 1.9 K
16
H e | The conductor remains Superconductor
/ \ Ry If its status in Current Density, Temperature, B field
\ \ 3 | phase space is below the Critical Surface
N\ \ The distance between the working point and the
[\ | ol [ critical surface for a fixed B field and Current Density
‘.\. v\“\ Is the temperature margin (critical temperature)
.‘ "‘

N
<~

3\ 1|6

Transition to a normal conducting
state is called magnet quench

What can increase
Flux Density ;
T the temperature in a magnet ?

N
Temperature _
(K]

4‘ _
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V. V. S. Introduction to Superconductlwty 1

Beam losses can eat the temperature margin
because of energy deposition

3
R EREEE X
2222 a8

Limit of accepted losses: ~ 10 mW/cm?
to avoid DT> 2 K, the temperature margin

P T E EE EEE R
® 8 I RN B o 3 N ® o

Courtesy of StephaRussenschuck
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