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Figure 7-28 Beam cross sections as seen on profile monitor &t the |
end of the accelerator (1.6-usec beam pulse). These photographs were \
obtained from a 16-mm movie and represent frames taken at the rate

of 24 frames/sec,
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- Band Linear Collider
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Linear Collider Concepts
e T

Overview Of Linear Collider Concepts

TESLA |SBLC JLC-C JLC-X Vliepp CLIC
Name NLC-X
I 1.3 GHz 3 GHz 5.7 GHz 114 GHz 14 GHz |30GHz
Techno- | sc-Niob Cu structures & klystrons Two
| logy Cavities Beam
Challenge | gradient high rf pecak power and power conversion Wakefield

QO0, cost efficiency drive

beam

grad. 25 17 32 58 32 91 78
MeV/m -
L 32 36 22 22 14 10 12
km o N |
C, 19/ 15 3.0 3.1 3.2 4 7.4
nm 5 ]
Pyeam 16 7 3.1 3.6 4.4 2.4 4.9
ww | /a2

All Designs have L = 5x10°% and P, . =100 MW at 500 GeV e¢ms

more details:

http://www.slac.stanford.edu/xorg/ilc-trc/ilc-trchome.html

Interlaboratory Collaboration for R&ED Towards TeV-scale

Electron- Positron Linear Colliders

International Linear Collider

Technical Review Committee

ILC-TRC

S MINMTHO L TKAMP, FEBZES 1124



- Band Linear Collider

Parameter
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Limitations

R e
= A Few Basic Equations

N ' -fn-:p

L= x H,

dr-o, -0,
Pb - Er:m ’ N ’ f;'ep

r’N,y

o, = 0.86
’ cr:(c)'*x +c‘f'})2

o
Ty
e

5.74 10" m™"* x

om TN

AE/E, per bunch < one percent
_-> AW/W < zwei Prozent

\%3Y ~ Grad?¥/F?

stored

Problems:
-which depend on AE/E; ~ F?;

-which depend on Ag/e

x H,

a few 1033

max. aver. current. long pulses

ave. fract energy loss due to
beam strahlung

Pb=7,5 MW cw per beam
s,*$,=400 x 20 nm?

\.\r\ﬁ'ﬁ‘\ \@
=1
m\‘i'm i \\ g%

Well™

B2ar i57

'LE-MINNTHOLT‘@MP, F
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Symmary of TESLA reference design

General LC luminosity scaling:

-P o
L = const x—2&. |2
Ecm Ey
‘ -
—
= optimised design should have FIGURE
o F HMHERIT
+ maximum AC-to-heam efficiencyn i
» minimum dilution ofemittance £, ‘ -r";f i‘
¥ c‘ ) §
o ML L L g 7 | I S

L/Pw* SGRT(eps y fdeltas)

TESLA
SBLC
JLC-C
JLC-X
HLC-X
VLEPP
cLIC
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Accelerating  OH-axis
Structure Tail

Distance
Along

T
Linac zih

Figure 18 A beam oscillation in an accelerating structure produces head-tail
transverse wakefields which distort the mansverse bunch profile.
Trajectory correction downstream will have difficulty converging as
some part of the bunch is always off axis.

Displaced
Accelerator Accelerator Iris
Illlllilllflqu [llllll’/illlil
— - - - -
Tail Head
_lellllllllll NN EEENENEN
10-30 . £T47A1

Figure 19 A displaced accclerating structure will induee wakefield distortions ina
bunch. Again, trajectory correction will have difficuity correcting the
result. There are many of these small distortions {random) in an
aceelerator and they colicetively contribute to the beam shupe,
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g - Band Linear Collider

Comparison of Single Bunch Emittance growth
B R
Accelerator displaced Accelerator Accelerator

T T T T TTT
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emittance dilution factor |

SBLC

3 |
SR
| 1—.
0.1
5
wn
w
= Q

E

X-band
CLIC

Alignment and stability tolerances:

TESLA |SBLC | X-
- band/CLIC CLic
acc. structures [um)] 500 50 ~5 ... 10
" | BPM-to-quad [um] 10 5 1...2
quad pos. drift (no corr.) [nm] | 500 100 ~5...10
time between orbitcorretion | % h | 5min |~Is
(ATL ground motion model )
o€ o.0u% 039  03% N[
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End of Linac Diagnostics 100 b
Be:am
Delivery Collimation System 2400
Systems
5.2km
IP Switch 100
Big Bend } 400
i Skew Corr. System i: 400
‘ I
Lﬂ"" Final Focus
| 10 mr System . ,J 800
| Y
P #2 ! IP #1 o vee |
40 ump Line ! 120

B047AIBS Dump 4-36

Figure 9-1. A schematic layout of the beam delivery systers.
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g - Band Linear Collider
Ratiaannhtbnantntn

Ground Mdtion and Quadrupole Vibration
T

= Ground motion detoriates the vertical
emittance due to quadrupole vibration

» natural motion
» cultural induced motion

(uml
0.2
0.1 l
N T
t
|
0 0 T T T ¥ 812 1 T T 1 ‘EI“L [h]
Fr Sa So Mo Di Mi Do Fr
Long term measurement of rms—ground motion in the HERA tunnel
during 1 week.
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C padohnannnnonnnent
Amplitude & Frequency of Ground Motion
e

= |n addition to noise:

» resonances of supports

» motion due to operation (water, air, temperature)
= Possible Remedies depend on the

frequency range

» passive

» beam based

» slow feedbacks

] N LR R R AR AR RRRRAAR
8 - Band Linear Collide

£
2
i) 3
g
3
~=
= L
£ ;
. C
= L.
o 3
_, | Vertical Ground Motion ]
10 DESY, 30.08 - 10.10.1994 3
Solid = uncorrelated ot 30 m -
Doshed — abs. value r
10 -4 T T TI0] T T I T TTTTI FOVTTTIT T T T T :
0.001 0.01 0.1 1 10 100

Frequency, Hz
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- Band Linear Collider

Operation and Long Term Behaviour
e

= [s a S-Band Linear Collider operatable?

» Compare to operation of HERA in a 6 km long
tunnel below the city:

» data extracted from Orbit drifts and direct

measurement over 8 decades in frequency
(Brinkmann, Montag, Rossbach, Schiltsev etc)

I I T [ i I I
10822
+Hz Lo
v \-\.\ -
.
k-
88,
. : o \un"' |
Iy en @
'\P&’D B n\“ﬂ\?}_‘ <o
& \%\%
i
L ;T !
1672 28 — ! [ ! {
JHz 1010771:10° 107 10100 0001 oan
— Fourier spectrum of one BPM reading at HERAe
® HERA rms electron orbit motion after certain time intervals
@ HERA ms proton orbit motion after certain time intervals
"~ spectrum density scaling as expected by ATL rule

PRINT_ USSR AXTEYE, . LINDE 124



How to Determine The Mechancial
Tolerance for the IP Magnets

= Vibration Frequencies < (1/10 x) the
repetition rate

» TESLA: <0.5Hz S-Band: <5 Hz
~ slow drift from puls to puls
~ puls to puls feedback
= Vibration Frequencies > (1/6 x) the
repetition rate
» Amplitudes: TESLA: 70 nm  S-Band: nm
» Correction within the bunch train

# Method of Correction:

~ Measure orbit kick due to beam - beam force at
P

~ Correction kicker in front of the IP

» Assumption: Accelerator is mechanically stable
(stiff) on the time scale of a beam puls !

» TESLA: 800 usec S-Band: 2 usec

PHIMT USERBAEDEY S, SEPLPE
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g - Band Linear Collider
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Interaction Region Feedback
. .

= Bunch train length > travel distance between IP an

Kicker
» use of pilot bunch
~ kicker close to BPM
® To correct 10X o_y=150nm

x'~0.070urad

A
o [mrad }= =Y. 0.057 - mrad

8]

¥
22
w “M BPM
c
Pilot Bun o

ilat Bunch s .
slliding ref bunch 0 Kicker o

-3 ideal beam orbit
-4 orbit due to beam beam kick

meoan oam an

L] ™ .
Mimimam  Machon dome ;

= hraud oeslomce 0{ sfgvmﬁ -3

5 ATk B L0mueg + 100wie + 1000 » Saae | TESLI #

— — - Orhit of pilot bunch
e = wen OTBIt Of colliding bunch: no feedhback
orbit of colliding bunch with feedback

e —
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TESLA referen e

Vertical spot size dilution at IP from spurious vertical
dispersion in the Final Focus system:

Ao, 1 aEDZ(IP)

2
: { o ]
a fics
» 4 \
Iﬁum of merit” tolerances
TESLA | SBLC X-band

energy spread og [%] { 0.06 0.3 0.3
spot size o, [nm] 19 (B) | 15 4...6
f.o.m. [a.u.] 1 (15} | 40 ~400

¢ position-tolerances scale as 1/sqrt(f.0.m.)

* time between orbit corrections scales as 1/f.o.m.

|
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OVERVIEW
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