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il Linear Collider

»LC development

»Beam-beam effects and Luminosity
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Linear Collider Development

« R&D works on future LC started at the end of 70-s. (VLEPP-1978).

 Different approaches to LC:

TBA, CLIC, -Two beam schemes

TESLA, - SC

SBLC, JLC-S, - S-band

JLC-C, JLC-X, NLC, - C,X-band

VLEPP, - single bunch

etc... - wake-field, plasma, laser, W-band

The main differences are: RF power production, SC or "warm” AS

« Wide Frequency range:

L-band -1.3 GHz, TESLA
K-band -30 GHz, CLIC, W-band -90 GHz.

* Not all of these LC projects survived - TBA, S-Band LCs, VLEPP,...

At Last LC'02 were presented: NLC/JLC, TESLA, CLIC, JLC-C
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W Beam-beam effects and Luminosity

L

Geometrical n. N?
Luminosit Lo=f1 . 56, Ax,y) 8-cross angle,
4 AT 0.0, A= 0, /B -divergence

*Strong Magnetic field in IP % 0>10° T (for round beams)
Y

There are two strong-field beam-beam effects: X kﬁ“ ”

1. Beamstrahlung > (energy losses/spread, background) > flat beams
3 2
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Luminosity (2)

Luminosity I =~ 400" EB“ (MW) 1y - (%)
E, (TeV) | &, (mmlinrad) P
LC requirements.

Energy c.m. E,= 05TeV > 1TeV > 3-5TeV
Luminosity L>10¥cm?s> ... 2100 cm?s!
Energy spread O = few % 2> e 20-30%
Vertical emittance &y = (3-5)10° m*rad
AC Power P,.=100-200 MW

Lfficiency (P, /P, ) n= 10-30 %

Enhancement parameter  H, = 1.5-2
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Beam dynamics in IP

2. Disruption and Luminosity Enhancement.

. _ 0o, _2rNo,
Disruption parameter: D, = = D,>> D,

’ yo. O

X,y X,y Z

For small and intermediate D < 10 > pinch-effect (H>1 )

(Maximum enhancement H, = 2.4 for flat beams)

For large D>>10 - Kick instability (Luminosity Losses H<1)
D, .o 0.55

Disruption angles &= x’;Z = [él + D7)
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# Beam parameters at IP

Energy =05 TeV / 1TeV

TESLAO0.5/0.8 NLC/JLC CLIC
Lumonosity *1034 34/58 2.0/3.4 1.7 /2.7
Energy loss (%) 3.2/4.3 5.4 /10.2 3.8 /112
Frequency GHz 1.3 11.4 30
Rep. Rate (Hz) 5 120 200
Bunches in train 2820 192 154
N/bunch, 1010 2 0.75 0.4
€ny/€ny, 108mM 1000/3 360/3.5 200/2 (130/2)
Op/0p M 553/5 545/2.7 208/1.9
g, um 300 110 35
Enhamncement, H 2.1 1.43 14
Gradient, MV/m 23.4/35 485/55 150
RF to beam ef.,% 54 38 24 .4
AC power, MW 97 / 139/ 100 /150
Total Length, km 33 6.3/12.8 5 /10
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N Vertical emittance

* Are vertical emittance goals realistic ?
(0.01-0.002 mm*mrad)

« Can we receive small emittance in Damping
Ring?

 How to prevent emittance growth in Main
Linac, Beam Delivery System, Final Focus?
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MLC - The Mext Linear Coallider Project

———tem b -

Damping Rings

Main damping rings:
- similar to 3™ generation
light sources
« energy (1.98 GeV)
+ gmittance (ye = 3 x
0.02 mm.mrad)
- Single-turn injection and
extraction of bunch
trains (challenging!)

Pre-damping ring
- positrons only
- reduces huge emittance
from target to level
acceptable to MDR (ye ~
150 mm.mrad)

Images stolen from T. Raubenheimer and

A Wolski
P. Teneni sy



KEK ATF: Ultra-Low Emittance Beam

Beam Diagnostics

Wire ecanner beam size monitor

doubls kickar extractni
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- ATF Vertical Emittance N Toge, KEK. 1C03
in Multi-bunch Operation

» Typical # of bunches = 18/pulse
 Bunch spacing = 2.8 ns

 Instrumentation used:
SR interference monitor
Wire scanner in EXT line

« Measured quantity:

Superposition of all bunches,
including effects of possible
bunch-to-bunch orbit
variation.

- Issues:

Subtraction of y-dispersion
Vacuum levels in DR
Intra-beam effects

x-y tilts

@ EXT wire scanner
B SRinterference monitor (EXT mode)
O SR interference monitor (Store mode)

1/31/2002 EXT wire&SR
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TESLA Damping Ring

Damping Ring
%
o,
¢ to IP o \ _ .
- o RF wiggle o straight section

I,ll\;'AL' :unnei N\ :

* 17 km long to accommodate TESLA bunch train

* Looks unconventional, but major ‘new’ 1ssue 1s
space charge, cured by local coupling

 Needs a 20 ns rise/fall-time injection kicker system

April 9, 2002 Nikolay Solyak, LC comparison
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MLC - The Next Linear Collider Project

Layout

= Two interaction regions (sequential,
not simultaneous, operation)

= HEIR: minimal bending, 20 mrad
crossing angle (set by linac lines)

*« upto 3-5 TeV CM (someday!)
FEDAnn G - LEIR: more bending, 25-30 mrad
crossing angle

+ Luminosity okay up to about 1
gl TeV CM

= Bypass lines for running below max

energy
- Most flexible for operation and
installation
*« Linac tunnels sized for 1 TeV CM
- stage 1: fill 50%, run thru bypass
lines to beam delivery system

= populate 2 half of each linac over
time to reach 1 TeV CM

AT

P. Teooniaerar
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NLC/JLC project

MHLC - The Mext Linear Collider Project

The Basics

« JLC/NLC linear collider design uses:
- 11.424 GHz (“X-Band™) RF acceleration...
- 70 MeV/m unloaded gradient...
- 0.75x101? e+/e- per bunch...

- 192 bunches per RF pulse with 1.4 nsec spacing (268
nsec total train length)...

— 120 RF pulses per second...
— IP spot sizes approx. 250 nm x 2.5 nm...

» To achieve 2.0 - 3.5 x 10%* luminosity @ 0.5 - 1.0
TeV CM

P. Toocolaaumr
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NLC RF Distribution System

MLC Linac RF Unit [nduction Maodulator

Low Level RF System

One 490 kY 3-Tum Induction Modulator

Eight 2 KW TWT Khystron Driviers (not shown)
Eight 75 MW PPM Klystrons

Delay Ling Distribution Systam (2 Mode, 4 Lings)
Eight accelerator Structure Sextats

11.4 GHz RF Source

EXETEER,

510 MW
926 ns  Singk Mode Extractor

| == 1

ﬁ ”w
i P P
$

Six 0.9 m Accelerator Structures

Beam Dirsction ——a= (85 MW, 396 nsinput each)  peeeae

Figure 4.1: Schematic of a hinac of unit {one of 117 per linac).
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Short-range Wakes and BNS dampin
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Long range wake-fields

NLC - The Next Linear ‘gm l
= E-
[
a Al
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Fig 1||e - RDDSI Cells as Fabricated

Wakefield Suppression in
New X-band High Phase

Advance Structures

RN Jones, Februwary 5, 2002
B NN B e § 2 AR
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b Multi-bunch Wake Suppression

RODS Cutaway View
showing first 8 of 206 Cells

NLC/JLC Rounded
Damped-Detuned
Structure (RDDS)

RF input

Beam Accelerator cell (Iris

dia. = 11.2 ~ 7.8 mm)

® Made with Class 1 OFE copper.

m Cells are precision-machined (few um
tolerances) and diffusion-bonded to form
structures.

B 1.8 m length chosen so fill time ~
attenuation time ~ 100 ns.

m Operated at 45 deg C with water cooling.
RF losses are about 3 KW/m.

“ RF ramped during fill to compensate beam
loading (21%). In steady state, 50% of the e S
170 MW input power goes into the beam. Two RDDS cells
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NLC - The Next Linear Collider Project

2. Alignment Tolerances for HO0VG3

Tolerance for 1

0% Emlttance Growth.,

HoODDSYG3 Three - Fold Interleaving HI90 BunchesL

Cell-to-cell and
structure-to-stucture
aligcnment tolerances

100 : .
for a MANIFOLD
0| DAMPELD 60 ¢cm
s structure with 3-fold
b meemmmmmTTTTT interleaving of
E .,"'--- adjacent structure
& _,.-"' frequencies.
g 30 [T
o ]
= [N The line is obtained
20 p via a semi-
st analvtical/statistical
model.
0.5 1 1.5 1 1.5
Alignment Length Structure Length
M. Jones LC02 Febvuary X002, 132
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MLC - The Mext Linear Colllder Project

=

Main Linac Emittance Budget

Beam-to-Quad Offsets 25%
Quad Strength Errors 0.5%

Struc-to-Girder 7%
Misalignments 1%

Struc-to-Girder Tilts 4%
Struc BPM Resolution 39
Quad Rotations 4%

Mover Steering 2%
Interval

Structure Bow 1%
Cell-to-Cell Errors !%
HOM Freq Errors 1%

P. Tenonlaume



MLC - The Mext Linear Colllder Project

Stabilization of BDS (2)
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Longer term: driven by
diffusive ground motion

Tools to preserve
luminosity
— IP collide feedback

- steering feedback
through sextupoles

- Adjust aberrations via
dither feedbacks

Only 1 overall realign
needed per year

P. Teoenl I



damping ring

positron
preaccelerator

el ectron-positron collision
high energy physics experiments

positran source

aux, pesitron and
Znd electron source

damping ring

linear accelerator

X-ray laser

accelerator

u glectron sources

(HEP and x-ray laser) 4

33 km

21
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TESLA RF Distribution System

RF Unit : 1 klystron

3 cryomodules
K 36 cavities

_&F
E: Op
7
5

| B
o
52
=1

10,296 Cavities
858 Cryomodules

286 Klystrons
(10MW, 1.5ms, 5Hz, 65%)
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TESLA wake-fields

Single-bunch (short range) wake-fields

Longitudinal wake is small (induced energy spread <10-*, can be minimize to
3-10** by running at the optimal RF phase +5°)

More serious 2.5% energy spread at injection energy (chromatic effects)

Transverse wake [J1/a> ? no BNS damping necessary, only 2.5% emittance
growth due to wake-field & 7% - due to 0.5mm cavity misalignment.

Multi-bunch (long range) wake-fields

Longitudinal wake 1s almost negligible due to natural frequency spread
longitudinal HOM. Bunch-to-bunch energy spread after feed-back suppression
(Lorentz force) < 5-104+

Transverse wakes should be detuned and dumped to suppress BBU instability.
Natural HOM frequency spread due to fabrication errors helps. For damping
needs Q< 10°. In TTF found dipole mode 2.58 GHz with high Q> 10° (need

redesign HOM coupler).
Fast intra-train orbit correction system can remove BBU effects.

Jitter due to ground motion has to be corrected by fast intra-beam correction.
Slow drift (diffusive ground motion) = re-alignment once/month.
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TESLA HOM dumping (HOM couplers)
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all modes damped below 1x10°, but ...
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el HOM with High Q

* Measured with intensity modulated beam with position offset

*Detected in HOM coupler and|/broadband BPM

HOM at HOM Pl{’:kup S]gna]

2.585 GHz Beam at 2.6 GHz Decay time = QO = 10°

frequency domain time domain
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CLIC Layout

Owerall Lavout of the CLIC complex at 3 TeV ¢.m

37.5 km
13,75 km Reamdelivery sedtion (-~ 10 km) 13.75 km
k= — — =~
Main Beams | | | | | | | | | |
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B ; 9 Cevc
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e o
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GENERATION COMPLEX
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irive Beams Zom 1401 e o1 35 m Llapsor 1.248 km
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CLIC RF PFOWER SOURCE FOR 3 TeV COLLIDER

1248 m 39 m 2 cm betwesn bunches
[ el e ol e |
= g s =1
) 1 ] i b
= 14 =
' 92 micro s )

22 drive beams of 1952 bunches at 1.18 Gev
Charge 31.25 micro C f beam - Energy 36.9 kJ / beam

MATM LIMAC
N

VL VLR

\ \,)H
1/

,

FULLY-LOADED
DRIVE BEAM ACCELERATOR
937 MHz - 1.18 GeV - 3.9 MV/m 19
m
0 RFfbeam efficiency 97 %%
| COMBIMER 78m_ 39 m 32 cm bebveren bunches
DELAY RINGS e W e W e ¥ 7 |
oL bl | K |=rJ|r E
odd 182 modulators | Kiystrons 92 micro-s
S50 MW - 92 micno-s 352 trains of 122 bunches at 1.18 GV
Total energy B12 kK3
even odd & odd even Mean current 7.5

]'I. B3 cm between bunches
1 bunch every 2nd bucket

Ay
Il

= |

[Pl
== |
Pri 39 m long pulses
42944 bunches up to 16nC/bunch at ~50 MeV
Tokal charge 688 micro C

To generate more o fewer drive beams to
poveer a higher or lower energy collider only
requires a longer or shorter modulator pulse

but the number of klystrons does not change
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CLIC Damping structure

For suppression of Wt - work still being focused

on W& damped structures of type shown here.

Each cell is damped by 4 radial W&s terminated by

discrete SiC RF loads.

VW [VIPGITIATITI
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ki i S| [ FTETNE (e et

THry

i

-2 |
o oe 0 1% 20 2§ 30 AB 4.0 46 &I

1

Time [ns]

Photo shows 15 GHz model tested in
ASSET. Excellent agreement between
theory and experiment.

LC’02, Ilan Wilson
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Emittance Blow-Up

HH*—

How are we doing on limiting the blow-up in the linac ?

In parameter list - budgeted for 100%: blow-up.
Our beam simulations however predict only 20%..
(so for moment have some margin - at least on paper)

5 :—inglm bBunah - -
B8 r mo it bunoh ——————-
14 | resturned bu mps | —-—-om--

120

100 F -
= 1 s

tytyo["]

(%) P e & A-130 0D & 0 1000 1 200 A=-00
AU S rup alee F T

Pre-align cavities and BPMs in linac to 10 microns.

Use ballistic method to align BPMs with greater precision

Correct beam position by moving quads (“few-to-few™ correction)

Re-align structures to new beam position by moving girders.

Use 10 emittance bumps (as in SLC) to lecally reduce blow-up
{uses a few RF structures and a few quadrupoles).
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Summary

* All LCs require beams with extremely low vertical emittances
(1-2) «10-® m*rad. (For TESLA probably more difficult ?)

« Wake fields (and tolerances) for TESLA seems less problem
than for NLC, CLIC (except HOM high Q ?)

* Luminosity for TESLA distributed in time.

« TESLA has high charge in train (collimation system,
dump,...)

April 9, 2002 Nikolay Solyak, LC comparison 30



