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Accelerators for

Particle Physicists wish list comprises the following:
* TeV beams of all kind of particles (y, e, u, p, ...)
* highest luminosity, that means in particular:

a) premium beam quality and performance
b) ultimate intensity while having stable beam delivery all the time

» polarized particles of all kinds (preferably antiparticles like e* and p)
* enough free space to place huge detectors

2 Classes of High-Energy Accelerators:

* Hadron Colliders: Highest achievable energies
— “discovery potential”

e e” - e Colliders: well-known and understood electromagnetic vertex
— “precision machines”



Why Colliders?

(Units: h=c=1)
Fixed Target Experiment Colliding Beams
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Example: p-p Collisions, want § =1 TeV
requires:
E =500 TeV E=0.5TeV
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Beam Acceleration ((’)

Charged particles are influenced by the

Lorentz force: F=e-E+e- (\7 X E)

ﬂEnergygaln AW, = J‘F ds =e- J‘E -ds=e- U‘]

— We need a longitudinal electrical field E|!

Capacitor:

Light beam: -~~~
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Field Emission / Breakdown

- 2
Coulomb-Potential: [ = j' Feds = q - 4

homogeneous E-Field: U = j Feods = j qE+ds = —qEr
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Breakdown: AWT il
E=UR a)
« s Beam deflection and
limits max. g
@E ds =0 focusing (magnets)
acc. voltage! |
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Building a TeV Accelerator

Example LHC — e*e™:
Bending Magnets: B =8.33T

Bending Radius: R = L

eB
Beam Energy E,, = 0.5 TeV!
11
R=P = 210 500m

ecB  3-10°-8.33
— L=27R+x~=5km

Example XFEL — e'e:
Achieved: U . ,=29.5 MV/m

accel

Beam Energy 2E,, =1 TeV!

2F,
L=—"" 4 x ~50km

accel




Acceleration «— Radiation:

Hertz Dipole: Curved Orbit:
w) ( -ﬁ ~—— orbit
o — electron
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Limitations in Circular Accelerators

Electrons:

— Synchrotron Radiation
energy loss per turn: N
E*[GeV*] p-Ap

AW[keV] = 88.5- 4
R[m] AWP [me j N 10_13

Example:

LHC bending radius R = 2.8km (circumference = 27km)
electron beam energy E,.. = 500GeV = 0.5TeV:

— energy loss per turn AW =2 TeV!!!




Large Electron Positron Collider

LEP Paramete_rs: T

-

E<104.5GeV:s
R~3.1km . =

———

~0.12 Tesla

e
______ 1




$ Scaling of Colliders

LEP scaling o< [
ILC scaling o< £
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Linear Collider clearly “wins” @ Ey; > 500 GeV!!

E* E?

Circular Collider: $,,. oc — $.c cR = Optimum: — = konst. — $, oc E’



Important for achievement of enough wanted reactions in collisions.

)

U Obviously: the more (colliding particles) the better!

Circular Collider (FCC-ee):
* RF has to compensate SR losses, SOMW per beam acceptable

* max average beam current: I, =29mA@H, I, =54mA@tt

Linear Collider (ILC):
* RF — P, but limited: e.g. 5 x 1312 bunches/sec with N, =10" particles (ILC)
* max average beam current: l,,=11uA@H and @ tt

— has this consequences?



... the unknown divinity ...

One of the most important acc. parameter for particle physicists!

 Luminosity N=o0-L

* Integrated Luminosity: N=o I L-dt=0-7
t-meas.

N,,= G-”nl(x,z)-n2(x,z)-dxdz

l

e™-e, p-p Collider:

0, =0,=0
— nb.]Frev .NI.NZ

4r o -0,

L




Colliders

Circular

Luminosity:

Accelerator ring "

— nb.ﬁev .NI.N2

47 o -0,

L

and have to stay in the rings!

— high average current
moderate squeeze

Linear

beams are used only once low average current
and are dumped after collision! aggressive squeeze




Introduction Summary

Essence: What do we have to learn in the next hour?

* How do we accelerate electrons (positrons) to ~TeV?

» Crash course in RF acceleration:
* Cavities and their important parameters
* Standing wave (sc) and travelling wave (nc) Linac structures

* How can we achieve a maximum (acceptable) luminosity?

» Crash course in beam dynamics in accelerators:

* How much can and should we squeeze? (— final focus, damping rings, ...)
* What limits the intensity? (— RF, beam-beam, instabilities, ...)

» What else matters? (beam-beam, beamstrahlung, wakefields, ...)

* What about polarized beams?

» Summary: Linear vs. Circular Collider — pros and cons



Acceleration
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Cayvities

General Idea: high accelerating field caused by resonance magnification

&) | L+ Su [l =

cavity equiv. circuit

Parameters of interest:

* resonance frequency @, = 1/ W LC = determined by geometry

* quality factor O =aw,RC = R 27 W OyT, B
a)OL T RF P walls Ry / Q = geom.

* shunt impedance R, = R = Z(w,) = resistance on resonance <

U* . U*
Accelerating voltagse: P, =—— — requires P, = +U -1
g g walls 2 RS q RF (2 R ) beam

S
—

A



Shunt Impedance

Determines unwanted power losses 1n cavity walls!

Typical values and scaling of R¢ and Q (f,,, = 1.3 GHz):

es

* normal conducting cavities (copper, ~1 meter long resonator):

Ry =10Q, Q~10' [Rs~@’]g~l/ﬁ \

* superconducting cavities (niobium, ~1 meter long resonator): (R, / O~ f..

RS leBQ’ Q lelO [RS - l/f;”es ’] Q - l/ﬁis 4/

Losses in superconducting cavities about factor 10° — 10% smaller!

T
Carnot efficiency (T, = 2.2K): Mcamor = o ~0.7%
T;oom B TCav .
R
Overall cooling efficiency: 7= 0.1-0.2%, but R gain > 10! %Q éf’) éé




Superconducting RF

But: Maximum accelerating field limited by H, of BCS theory to = 54 MV/m!

Choice of optimum frequency and temperature:

1000 v

12 Niobium: To = 9.25K
R, & 7exp(—1.76Tc /T) |

\ / RBCS

Two important parameters: 100

e residual resistivity R Syl
* thermal conductivity 10
o surface area o f! | R =300 N\ 2o ]
losses " \
2when Rooo >R N
R, >« f<when Ry > R, S : : : :
I ‘ T /T

Jresia = 1.3 GHz />3 GHz




p i

\ Linear Collider: Acceleration 7

Envisaged gradients:

M
B =315 E_=720100)2Y
m m




Shunt Impedance

and its Importance

RF power needed for generating the acc. field:

UZ
P =

RF 2RS
Let’s assume 25cm and 1m long structures and E,., = 250 GeV g
a) n.c.(£,..=72MV/m): Lgp=3.5 km — 13889 structures L
(7-10"Vim) — S
RF power P, =13889. =100 W E
D

2-10'Q

b) s.c.(£,..=30MV/m): Lyr= 8.3 km — 8333 structures

(3-107V/m)’
2-10°Q

~4-100W, 7, =10"

RF power P, =8333-




nc versus sc Linacs

Normal Conducting Linac

Breakdown limits E_, !
» short beam & RF pulses
» short filling times
» TW structures (75, = v,'L)
» “high” RF frequency (tolerances!)

CLIC @ CERN:
for=12GHz, I,=12A, t, =244 ns

=T

¥ ' 1 ] 1]

CLIC PULSE SHAPE OPTIMIZATION

o —CLIC Pulse
RF
o A F];"l * Main Beam
=
=
s A |
E
z \[ BDR ~ E3'7°
5/
< |
rise‘ tfilling¢ tt:lrealm trised%\

0 inj Time

Superconducting Linac

Supercritical field H, limits E__ !
» optimization for low H @ walls
» long RF pulses possible

» SW structures (<> low losses)

» “low” RF frequency (size)

TELSA, FLASH, XFEL — ILC:
frr =13 GHz, N, =10'°, ¢, = 0.65ms

input coupler
.

S low H

cavity axis




Collision
— Luminosity




Magnets

Beam guidance:

e
=x=—-B_, B_=const.

: |
dipole magnets = , |

Beam focusing:

=g
— /\ p—
1
quadrupole magnets r kL, B, =z, B, :x

Chromatic Correction:

sextupole magnets B =, 6=t m(x* - 2)

e 2e

ﬂ Properties defined by pole profiles



Strong (AG) Focusing:

Strong Focusing: Chromatic Correction:
; Enveloppe r Focal length N
: = Sextupole w
Ap’p >0
ﬁ*\/

App<0
Dispersion

Quadrupole D#0

Quadrupole Quadrupole Sextupole

0]

oscillation Simplest arrangement: FODO

betatron U




Optical Resonances

Tune Q = # betatron oscillations per turn

Dipole Error Quadrupole Error

& Tune Q=n 6 6 Tunﬂe 0 =”n/2 6




Tune and Optical Resonances:

Optical Resonances: Circular Accelerators:
« Beam-Beam Interaction
m-Q +1-0, =
* Space Charge Forces
Tune Diagram: * Beam-Wall Interaction
SN
al }g:\iimL L‘Hﬁ \ * Capture of lons / Electrons
Tune Spread!
Intensity Limitation!
Doesn’t affect a

4594%572'5 64:26 647 27 64'28'.54'29-5113; 64731764732 64733 641 34(;4%' Linear Accelerator




Particle Trajectories <» Beam

4

x [mm] .

. L x(s)
Particle Orbit X (s) = (x(s)j




Beam Emittance

Each particle is represented by a point (x, x") in phase space!

v

Uniform density Gaussian fz;iiiéff:-

Emittance ¢, = rms area in phase space / =

Liouville: area in phase space remains constant — emittance & = konst.

Take care: x'=

dx dxdt v, 1 p,

— norm. emittance

ds drds e Brm,

g, = Pye =konst.




Beam Optics

beam near
focal plane

rms beam size: o,

rms beam div.: o =./g - y.(5)

*‘-Jr I

Beam size is determined by emittance £ and (lokal) beta function S(s) !




Luminosity Optimization

(LHC IR)

hourglass
! n, - N -N 5
000 6.02 f=l S NN, W,-e4-S,-H-H,
x{m) 472' O .Gy
X o )

crossing  disrup-
angle tion



Beam Crossing

Beam 1 Beam 2

= e > Sufficient beam separation
’w » Small crossing angle

[ > Long bunch separation

Long

Range _(ﬂ) ]Frev . -Sa

electron bunch positron bunch

Fop View cross angle crossing

T Motch Filter
%_l‘

RF Absorber
Stub Suppor
crab crossing

RF Abcrber




“Beta Squeeze”

Beam Broadening: Hourglass Effect:

i
B[m] |

ey
~
[}
p—
Il
R
/;\
[
+
|o;
3]
N

B"=0.03 m

f

o =& f(s)

[ Short Bunches! ]

Particle Detector




Approach: strong vertical squeeze

present KEKB E{"7{eXeig:10)

Half crossing
angle: 42

Hourglass condition: "> L= 0/6

SuperKEKB

— Nano Beams




Additional Focusing
or Defocusing in the
Interaction Region

Elektron

( 1,2 - h
“ | p/po, EIE,
. Positronenbunch
Enveloppe
x[nn] s ;
k\
, , : , , Beam-Beam Parameters:
-5 | 2 3 4 5 %
\ rfo re N ﬂx’y
04 - \NPFNF/O-Z gX,y_z
7y, o, o, 0o,
_ 00" J
oo : c 0 o Gx y 8 X,y
Sets limit on emittance in head-on collisions! ’ e



Storage Rings

ﬂ Important Relations: T

a) Luminosity b) Beam-Beam Parameters
nb.frev NI’N2 r,N ﬂx*y
L o . . SQ . H gxy — e >
4z o©,.-0, 21y, o, (ax +0y)

— Rewrite Luminosity Formula (£, > &)
Beam-beam parameter

Lorentz factor Beam current
Y Gy beam Sy Hourglass effect:
L:z A1+ — |- " S@Hq— ,3;20/6?
er o) X
¢ » " Y - (small &,)

Vertical beta function at IP

Aspect ratio at IP




Beam-Beam Parameters

rN

>k

ﬂx,y

gxy -

— 9
27y, o, (Gx +c7y)

But:

- T
3 Y 99:‘;\\ \l “\‘}; J 18 -::-L‘ ,«»\ /:_
S RS SN =
Circular Colliders: &  <0.05 typ e e
x’y R AN TSNS RS o

59.7 e e SRR SRS
5961:«?.J i I '.;‘:'!‘ m;‘!;'ir: PN

Linear Colliders: =054, £ =144 (ILC) | "0 & &
inear Colliders: ¢, =0.54, 5, =1.44 (ILC) | 5 & & &
593:\"~' -Lh 4 :}‘ i\.;\»i %://J 3 ww_‘j\

S SR X ST ERINE R

* 5017 j‘_m\i‘:“w_'_‘f.'\ »'T.A‘* r‘ vr

G beam ’ 5 E//q"‘."‘? ,] W L:Aiu SRRy i&’

L=-L
2er,

J

y S 5977641 642 643 644 645 646 647 648 649 65
L] L]

0 H <

Time structure of linear / circular colliders are different:

A

00-200ms 6304 Comparison FCC-ee (wHiggs) «— ILC:

v

bunch train | ILC: ny=1312

l [ J

4" 1} //

SR:

LC:

1

o = n,gN =3000-393-¢-1.5-10" =29mA
Lyyn = froy 71y gN =5-1312-¢-1-10° = 1 1pA



Linear Colliders

¢, > 1

Pinch effect - disruption

beam-beam collision

T T T

wofp



Linear Colliders

[

‘Pinch effect - disruption'

beam-beam collision

ol

10

» Additional focusing by opposing beams

Enhancement
Factor H,,




5 B B Linear Collider §

‘* /- > T I
{ °
bunch train | ILC: n, =1312 ﬂ Important Relatlons:‘ bunch train | CLIC: nj, = 312
a) Luminosity b) RF to beam power efficiency
n, - N-N _ _
[ = b ﬁep . . HD I?)eams _ﬁepnbN.Ecm = Tlrr PRF
4z o,.-0,
— Rewrite Luminosity Formula Beam-beam effects:
* beamstrahlung
o * disruption
1 N I
BT P
T cm / Gxgy
Choice of linac technology: \ Strong final focus:
» efficiency * Optical aberations
* available power * Stability issues and tolerances




Circular vs. Linear Collider

. Modified from original version:
Circula r, http://arxiv.org/pdf/1308.6176v3.pdf

adding four

experiments ' [CepC (2 IPS y ' [ "
@) [CeREZIES) Circular

S ana———————o—————————— ‘FCC‘ee(4|PS) ~ Colliders
W48 x 107 omg |

| I 1 |
Z:1.2 x 10°° cm?s™!

—
o
N

T TTIT

B LG 1 Lihear

R HZ:2.4.x.10% cm?s o ,_ '
L+ CLIC Colliders

1

=
I
|

e T T ot oo e e

"‘.—f;; e |
500 GeV: 1.8 x 10 emggt |

Luminosity [10%* cm2s]

F. Gianotti



Beamstrahlung

Particles are deflected in magnetic field of colliding bunch:

_

2EJ_ max eN
Peak field: B, = —— = =up to 1000 Tesla!
c 27e o O,
4
Classical treatment of synchrotron radiation: AE ~ % ~ 7y’ B’

» particles with high energy loss will be lost

Storage rings
> short beam life time St TS

» impact on luminosity and actual collision energy



Beamstrahlung — L

RMS energy loss for weak beamstrahlung:

3 2 2
er E N E N

~N € . cm . cm . «

Oy ~ 086" _ o _ .
mOC O-s (Ux + O-y) GS Ux

> use flat beams (o, >> 0;) but keep o, + o, large to reduce ozg —

a) Luminosity b) Vertical rms beam size
1 N &P
= . P o ——— . H o = nyr-y
47Z-Ecm (URF RF) {Gxay DJ ’ 7/1’

— Again Rewrite Luminosity Formula (Jz¢ = few %)

77RF e | Oss S .H H, o 77RFPRF. Ops -H | | damping
47Z'E 47Z.Ecm gn,y ringS!

hourglass B,=o




Luminosity: Beamstrahlung Limit

1/3
pPsr (&yn? . .
L SN ( Y ) Circular < Linear L, oC

x
E13/3 \ egy

Psp
p . bending radius
&y - tune-shift

£g,y - deometric emit.

: syn.rad.power

—~
72}

example with E

*\

* N=2% O

P°2? * £,=0.15 e
+ £,=0.Inm —

K. Yokoya, KEK




Beam Emittance

a) Adiabatic Damping

1 E,,=250GeV )
cE=—=c¢, = 2-10"¢

in particular not sufficient for positrons!
b) Radiative Damping
equilibrium emittance in storage rings
only dependent on the magnetic lattice
— low emittance lattice (suppress dispersion)

Damping rings required for Linear Collider!




e - e in Storage Rings

Equilibrium Emittance < “Radiation” Damping

74

2 Effects!
Cooling:

* photon emission — recoil (long. and transverse)
* acceleration restores long. momentum
— Net reduction of transv. momentum: damping! X

Bending Magnet
Heating:
* photon emission in dispersive sections
* shift of ideal dispersion orbit by ox, ox”
— Excitation of betatron oscillations: heating!

yo
gl

Po-AAD
Particle Orbit

Equilibrium Emittance: —
* Cooling = Heating Dispersion!

g
o _ 55 ndy) <%g3'7{(s)> s

C 303 Jomc <1 >

R2 Orbit




Polarized Electrons

Functional Principle:

Achieved at:
« SLAC
* MIT Bates
semiconductor circularly °* AmPs
photocathode polarized ° CEBAF
based on GaAs laser light ° Bonn
* Mainz
‘ * Darmstadt
Pierce & Meier, 1976 .
accelerating
voltage

(S

Photoelectron emission from GaAs
polarization transfer from laser photons to emitted electrons
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,,'E ILC Positron Source Layout

@ﬁ@ Pre-accelerator
= ~147 GeV e~ Target e Booster Linac
(cryomodules to boost energy to 5 GeV)
150GeVe™
| Y
Helical n % ~ =

Undulator R v Dump

OMD Capture RF e~ Dump

C(c‘)‘l‘irgzi?r (125 MeV) Damping Ring
& "' =@ CLIC Compton Li
& & ompton Linac
>
» Compton backscattering inside a CO, laser amplifier cavity
¥ » Production of 1 photon per electron (demonstrated at BNL)
CO2 amplifier
n
e N E’- ,  Y/le y
- N +ﬁ+ e-m ., AN SN, 2%, A% S |
g | UL 'TTT Y =
— ~éem

Interaction point

312 pulses » 10 consecutive Compton IPs to accumulate y flux



Polarized Positrons @ 1LC

6 polarisation yield e+/e- 4.00E-01
y 3.50E-01
5
= 3.00E-01
2
=4 —
c 2.50E-01 §
e -
= (4]
o 3 2.00E-01 »
a. | S
S S
~ —-—Yield -==Pol. 1.50E-01 2
82 yield = 1.5
8 e 1.00E-01
1
5.00E-02
0 0.00E+00
0 50 100 150 200 250 300

Drive Electron Beam Energy (GeV)



Self Polarization in Storage Rings

Transition Rates : .
» no spin flip:  w.., w B
> with spin flip: w. , w .

boro

Probability of a spin-flip transition:

=

(wM +w,, )+(wAv + wvA) 3

W + W, 1 (ho, ’ b
3 <107 = very small, but:

100 ‘

The beam will get polarized in a while due to w., > w . !

Sokolov-Ternov-Effect: P(7) = P, (1_6 /pj - | ,
—~ | HERA
Rise time: 7, = 8 c;'frem h ve A 0 Ti 10/0 ‘. W A
T 5\/5 2 W oo i

T jeopol and l:L+ 1 [Butnot@}

Depolarizing effects: P, = P,
p g - o z-P + z-a’epol r z-P z-depol ~ IOOGeV!




Depolarizing Resonances

Quadrupole Magnet

Imperfection Resonance: }-d = A, ne/

Intrinsic Resonance: y-a=n-PtQ,,6 neZ




Circular < Linear Collider

Can both achieve £ > 1034 ¢cm™2

Circular Collider Linear Collider

Beam Emittance:

Radiative Equilibrium! Adiabatic Damping!
— low emittance lattice not sufficient to reduce initial values
(“well-known” from SR sources) — additional damping rings required

Beam Polarization:

Self polarization (“moderate” E, ., ) Acceleration of polarized beams
reduced by depol. resonances electrons: photoemission from GaAs
not enough for HEP requirements positrons: from pol. MeV-photons
but aiming at:
can help to precisely determine E, , . P(e’) = 80%, P(e") =30%

works up to ~ 350 GeV works up to ~1 (3) TeV
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Linear Colliders

pre-accelerator
few GeV

O source

damping extraction

ring & dump
few GeV - few GeV final fOCUS I

-bunch l l v Py

main linac L
compressor collimation

/




Layout at 500 GeV

797 klystrons : F 4
15 MW, 139 us | [ |

drive beam accelerator
L. .-. 12\ ..‘ AL

2.5 km

| Drive Beam .
N,
!
ot —
- BDi
: 2.75 km
TA e~ main linac, 12 GHz, 100 MV/m, 21.02 km

delay loop | =

was “almost” dead — but not completely ...

infernafional linear collider

. 4 797 klystrons
circumferences [ ' ( 15 MW, 139 us
delay loop 73.0 m
CR12922m drive beam accelerator
CR2 4383 m

2.5 km
4 delay loop

decelerator, 24 sectors of 876 m

\ A

——— e e

48.3 km
CR combiner ring
TA  turnaround
DR damping ring
PDR predamping ring
BC bunch compressor
BDS beam delivery system
P interaction point
- cmp e injector,

2.86 GeV

booster linac, 6.14 GeV

| Main Beam '

et injector,
2.86GeV |

Layout at 3 TeV
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\

— TMEcell

Damping Rings

712m

__

\wiggler \ RF \ Phase trombone

5 GeV

579 m

- - —

\chicane \injection\extraction

T T

FODO cell

2.86 Ge

m Bending elements
m Focusing guads
Dispersion suppressor - = Defocusing quads
Beta natching cell Sextupales

L .
\IIIII

T 0 0 S - R

167.8 m

wz'ga

Parameters CLIC ILC
Particles per bunch 4x10° 2x1010
Machine repetition rate [Hz] 50 5
Linac RF pulse length [ps] 0.156 1600
Bunch spacing in linac/DR [ns] 0.5/1 554/6
Particles per machine pulse 1.3x1012 | 5.3x1013

. . . N

Injected normalized emittance (e¥) 7000 2
[wm.rad]
Injected rms energy spread [%] 4.5 *0.75
H/Y Extracted normalized 500/5 5000/20
emittances [nm]
Extracted rms bunch length [mm] 1.8 6
Extracted rms energy spread [%] 0.1 0.15




ey =

International Linear Collider: =~

The Next Generation?



I European XFEL Commissioning

European

XFEL

e = |}

=~ -

General Assembly — May 4th, 2017 . R e
XFEL Accelerator Consortium, many institutes Sl
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ACC. STRUCTURE COOLING COMPACT VACUUM MB

VACUUM (BRAZED DISKS) CIRCUIT LOAD ION PUMP QUAD STABILIZATION
MANIFOLDS ' UNIT
VIB
~1A
REF. Vamr N .
SPHERE LS NG s~ i B e OO
CRADLE
GIRDER
ALIGNMENT PETS PETS ON-OFF
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500 GeV
1.8x103% cm2st
80% / 30%
4.5%

574 nm /6 nm
300 um

10 um /35 nm
11 mm /0.48 mm
2x1010

1312
554 ns
5.8 mA
727 us
5 Hz

10.5 MW (total)
163 MW
107 MW)

3 TeV

2.0x10%4 cm2s™1
none

29%

45 nm/ 1 nm

44 pym

660 um /20 um
6.9 mm/ 0.068 mm
0.6 nC

312
0.5ns
1.2A
156 ns
50 Hz

14 MW
415 MW

2 x 63.9 MW (drive beam)
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Beyond the LHC: the FCC’s Y-
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LHC HE-LHC FCC-hh FCC-hh
27 km, 8.33 T 27km, 20 T 80km,20T 100 km, 16 T

14 TeV (c.o.m.) 33 TeV (c.o.m.) 100 TeV (c.o.m.) 100 TeV (c.0o.m.
@) 1300 tons NbTi 3000 tons LTS 9000 tons LTS ~ 6000 tons Nb,Sn

\
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FCC Study (Future Circular Colliders)
CDR and cost review for the next ESU (2018)

* 80-100 km tunnel infrastructure in Geneva area = ., :
* design driven by pp-collider requirements >

* with possibility of e+-e- (FCC-ee) and p-e (FCC-he)

« CERN-hosted study performed in international collaboration

H: 2x120GeV, L = 8x103*cm2s!
tt: 2x182.5GeV, L = 1.5x103*cm2s?

LEGEND
www  LHC tunnel

----- HE_LHC 80km option
potential shaft location




parameter Z w H (ZH) ttbar
beam energy [GeV] 45.6 80 120 182.5
arc cell optics 60/60 90/90 90/90 90/90
momentum compaction [109] 1.48 0.73 0.73 0.73
horizontal emittance [nm] 0.27 0.28 0.63 1.45
vertical emittance [pm] 1.0 1.0 1) 2l
horizontal beta* [m] 0.15 0.2 0.3 1
vertical beta* [mm)] 0.8 1 1 2
length of interaction area [mm)] 0.42 0.5 0.9 1.99
tunes, half-ring (x, y, s) (0.569, 0.61, 0.0125) | (0.577, 0.61, 0.0115) | (0.565, 0.60, 0.0180) | (0.553, 0.59, 0.0350)
longitudinal damping time [ms] 414 77 23 6.6
SR energy loss / turn [GeV] 0.036 0.34 1.72 9.21
total RF voltage [GV] 0.10 0.44 2.0 10.93
RF acceptance [%)] 1.9 19 2.3 49
energy acceptance [%] 1.3 13 1.5 22D
energy spread (SR / BS) [%] 0.038/0.132 0.066 / 0.153 0.099/0.151 0.15/0.20
bunch length (SR /BS) [mm] Sioil2x 3.3/7.65 3.15/49 2:913:3
Piwinski angle (SR / BS) 8.2/28.5 6.6/15.3 34/53 1.39/1.60
bunch intensity [10"] 1.7 1.5 15 2.8

no. of bunches / beam 16640 2000 393 39
beam current [mA] 1390 147 29 5.4
luminosity [10%¢ cm2s™] 230 32 8 1.5
beam-beam parameter (x/y) 0.004/0.133 0.0065/0.118 0.016/0.108 0.094 /0.150
luminosity lifetime [min] 70 50 42 44
time between injections [sec] 122 44 31 32
allowable asymmetry [%)] +5 +3 +3 +3
required lifetime by BS [min] 29 16 1 10
actual lifetime by BS (“weak”) [min] > 200 20 20 25
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Institute of High Q’:‘.nergy Physics

Study of siting optlghs In
the Qinghuangdao area

yBeam 4

Dipole field 20T
Injection energy 21 TeV (1.21)
Circumference 54.374 km

; GooQle earth
SR'power/beam 51.7 MW 2.9 MW

Cﬁw From: A. Apyan, et al., “CEPC-SPPC Preliminary Conceptual Design
D Report”, IHEP-CEPCPP-DR-2015-01, IHEP-AC-2015-012015.



LCWS MiniSchool

et - e Colliders

Summary:
Different Electron-Positron Collider Approaches

Linear Colliders:

* sc: high 7,, long pulses and bunch spacing, reduced sensitivity
to tolerances (wakefields), upgradable, lower acc. gradients

* nc: ultimate acc. gradients, upgradable, low 77;,., short pulses
and bunch spacing, highly sensitive to tolerances

Circular Colliders:

* reach about the same luminosity values, good time structure,
limited by synchrotron radiation, not upgradable, no beam
polarization



