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NLC - The Next Linear Collider Project

Principles of the “ideal” FF

Final
Mg Doublet

Bend
%@]%lﬁlox '
F2

e Final Doublet isrequired.

« Chromaticity is cancelled locally by two sextupoles placed in FD
with a bend upstream to generate dispersion acrossthe FD.

 Geometric aberrationsof FD sextupoles are cancelled by two more
sextupoles placed in phase with them and upstream of the bend.

e Four more quadrupoles are needed to match the incoming beam.

[SLAC-PUB-8460, LCC-0039]
P.Raimondi, A.Seryi



NLC - The Next Linear Collider Project

Traditional and new FF
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NLC - The Next Linear Collider Project

SLAC tunnd drift studies

Unexpected facts:

» Thetidal component of
motion issurprisingly
big ~10 micron.

* Motion hasstrong
correlation with external
atmospheric pressure.
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A.Seryi

—
)
o
D
B

Pressure (mB)



NLC - The Next Linear Collider Project

| nfluence of atmospheric pressure

80.00 —
Vertical displacement

Very slow variation of external atmospheric pressure | Vertcal displacement
- ' i (tid d from Y)
result in tunnel deformation. Explanations: landscape woo | o

and ground property variations along the linac:

R A N A S

e APh AE

% Ea/ TR, Ik ///// Ah=—— — -40.00 —
LTI T s ,

0.00 —

Y (micron)

-80.00 T I T I T I T ‘
-10.00 -5.00 0.00 5.00 10.00

Observed Ah=50um for AP=1000 Pa s consistent with dP (mbar)
these estimations if AE/E~0.5, h~ 7/~ 100m, a~0.5 and E~10° Pa.

Assumption E~10° Pais consistent with SLAC correlation measurements. \ v / E
2p(1+v)

AP J AP Taking v=500m/s
2l N g L Ah=—"(a (at ~5Hz, I.e. A~100m)
// - // ~ /s / / and p=2* 103 kg/m?,
/ / / / -7 /-length of landscape change, we get E= 10°Pa
< / /C;\;/H o - variation of the normal angle

NS 8 to the surface A Seryi



NLC - The Next Linear Collider Project

Atmospheric pressure again

Correlation Y,P

-
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Correlation of outside pressure and X or Y ! 4E-7 °
all data a All data. Frequency ba.nd 3e-5to0 1e-3 Hz
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aP (mbar**2)
CorrelationX or Y and atmospheric pressure is

significant from 16 up to about 0.003 Hz. “A” vs amplitude of atmospheric pressure spectrum aP.
Spectra of pressure also behave as aP/wy /

The amplitude of‘'A* correlateswith amplitude

of pressure spectrum aP

Theratio (X/P) almostdoes not depend on
frequency in 10°-0.003 Hz and is about
6um/mbar in Y and gm/mbar in X.

Spatial A does not depend on f, but given
spectra of landscape/ground properties.

A.Seryi



NLC - The Next Linear Collider Project

“A” versus Young’s modulus

Spatial variation of ground and/or landscape + variation of atmospheric
pressureisamajor cause of diffusive-like motion of the SLAC linac tunnel

The spectra of ground properties/landscape vary as 1/k?, the spectra of
pressure behave as 1/w? and together they give 1/(w k)? that is (or mimic)
diffusive motion

(1/k?justifies extrapolation of 2 mile base measurements to shorter scale)

(Spatial shape of landscape/propertiesisdiffusive in space but stationary in time)
For other mechanisms of diffusive motion this may be different).

For the shallow tunnel, the “A” scales as 1/Eor 1/v* Il

Look for strong media, (higher Young’s modulus E or shear velocity v)!

A.Seryi



NLC - The Next Linear Collider Project

Systematic motion of SLAC linac tunnel

Based on year to year motion
of the SLAC linac tunnel one
may suggest that “A” is ~ 10

However, the year-to-year
motion isdominated by
systematic component

Parameter “A” was found to
be almost 1000 times smaller
for minute-hour time scale.

VERTICAL DISPLACEMENT OF LINAC TUNNEL
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Figure 7: Displacement. of the SLAC Linac Tonnel - Vertical.

Vertical displacement of SLAC linac for 17 years

[G.Fischer, M.Mayond 1988]

A.Seryi



NLC - The Next Linear Collider Project

M odeling systematic motion
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and waves 4
+ 50 r .VV /
1E-5 +*
1E-6 +F * Model of SLC linac motion for 17 years
E b 2—"Corrected ATL only, (only systematic motion)
~ e A=1e-19 m{f . ‘ )
é\l 7 / B=1e-19 m"2/s™3 19040 1000.0 2000.0 3000.0
¢’>§.<‘ 1E-8 position (m)
x
g Model of 17 years of
® 1E-10 . .
l[inac motion
1E-11
1E-12

1E-13 ‘ \\HHH‘ \\HHH‘ HHHH‘ \\HHH‘ \\HHH‘ \\HHH‘ \\HHH‘ \\HHH‘ \\HHH‘ \\HHH‘ HHHH‘

1E-3 1E2 1E-1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7 1E+8
time (sec)

A.Seryi



NLC - The Next Linear Collider Project

How ground motion influence on the beam
-

How to find trajectory offset or chromatic dilution? dispersion
n

Relative beam offset at exit and dispersion: quadrupole |

* ) N beam ] X $ rel. (;fset
X (t) = Zlcl)ﬁ(t) ~ Xfin nt) = Zdixi(t) s

1= 1= entrance  _ _ _ _ _ _ _ _ _ _ o
: : dx’ i _dn iy : : :
Linear model: c = a = -KiI, d = oy = K,(r, —t.) Approximate valuesare for thin lens, linear order

Then, for example, the rms beam dispersion:

<nt)>= }P(t, K) Gq(k)%_[ where P(t,k)= }P(a), k) 2[1- Cos(a)t)]czl—;)
and G,K = S d, (cos(ks)—1)§+§idisin(ks)§ - spectral response function

Sumrules. E.g. Z d§ =-Tp asmalkthen Gy (K)=k’R, G(K=k™T5  unlessR;or T =0
A.Seryi



NLC - The Next Linear Collider Project

Ground motion induced beam offset at | P
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of Feedback Xl
3]
c
2
()
2]
c
o
o
[%9]
2
8
k3]
FIF, 3
n
1E-3 0.01 01 1 10
Spectra of absolute and relative motion of two points separated by
distance dL for the "2am SLAC site" model of ground motion.
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"
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NLC - The Next Linear Collider Project

Ground motion and Final Focus

 Final focustolerances are most severe.

e Fast ground motion induces vibrations of optical
elements resulting in the beam offset at the IP.

— The inter- bunch-train feedback will keep the rms IP beam offset
constant (and hopefully small).

e Slow ground motion induces misalignments of optical
elements resulting in slow growth of the IP beam size.

A.Seryi



NLC - The Next Linear Collider Project
i\ Rms beam offset at | P

Vertica rmsoffset is~1 nm for “SLAC 2am” Vertical RMS offset of € e beams at the IP
Ground motion "SLAC 2am"; feedback f =6 Hz; ideal quad supports.

Ideal Optical Anchor ONVOFF

With anideal anchor the position of final 0% - .
quads is locked to the motion of a single 2 el o
: . OFF
ground point under IP. o 0.6
g 067
%5 0.4+
@ 02 . N

With anideal anchor the contribution of final .
quads vanishes, alY decreases ~3 times O-O—F—m

1 10 100
SLAC site model, spectral responce function of NLC FFS,
0.6 /
0.4

1.2+ /._.—i_ OFF
feedback with f0=6Hz

0.2- v

0.0

2.
| M
3 2 - 0 1 2 3 A.Seryi

Regions of essentual w and k of ground motion
which contribute to rms beam offset at the IP

1L0qgNew FFS, L
0.8

—_

ON

o

rms offset AY, nm

log10 (k)

1 10 Frequency, Hz 100
Ground motion frequencies giving

most contribution to RMS offset

N

Log10 (Value under the integral)

w

log10 (w)



NLC - The Next Linear Collider Project

| P beam size growth due to slow misalignments
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Orbit feedbacks drastically
reduce this growth!

Beam size growth vstime.
Evaluated using FFADA
No beamsize feedback.
Ground motion model with

A=5m107 AT
mLs$

* =4.3m

* =2m

Beam energy, GeV
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Energy spread og (1073)
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3
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A.Seryi



NLC - The Next Linear Collider Project

| P beam offset for different GM models

Ground motion models L.
e “HERA” --noiselevel asin HERA and :
SLAC \{(f). Extremely noisy, moderate
correlation. <
. o 1-
o “SLAC 2am” -- not too noisy, moderate fn:’ g
correlation. :_’ :
o« “SLAC 2am and v(f)=3km/s” -- not too 2 '
noisy, good correlation. = 0'1'§
o “LEP and v(f)=3km/s” -- extremely quiet,
good correlation
0.01
Too pessimistic: 0.1
“HERA” - noise level did not matter, Frequency, Hz
Too optimfs(t)i(?'ObOdy care | P rms beam offset for different GM models,
' new FF v.ffO1, FD supported 8m from IP.
“LEP” - one cannot avoid adding cultural P
noise in real LC tunnel

Need to understand:
what we can do using anti-GM methods,
what will be the noise level in the LC tunnel A.Seryi



NLC - The Next Linear Collider Project

Perfor mance of an Optical Anchor

Detector cross-section with an
“optical anchor” [G.Bowden, 96]

8236A2

An optical anchor

with AL>(2-3)L*
doesnot help

to achieve smaller AY.

rms AY (nm)

(It may still be useful
to suppress resonances
of supports.)

An “ideal” anchor
with AL=0m give a
factor of 3in AY
but it is not ideal

181 5 AC GM model, New FF L* =4m /'
1.6 /.
14__ ././’
' -

1 No optical anchor —
12
10- /

i [ ]
0.8 / With anchor
0.6—- /
a4l ——*

ideal anchor AL/Z (m)
02 T T T T TTTT T LR |
1 10 100

Optical anchor performance vs AL

e- Final Doublet e+ Final Doublet

I e B B

for the detector.

A.Seryi



NLC - The Next Linear Collider Project
Inertial stabilization with respect to inertial frame
very preliminary results! To betested!

Effect of inertial stabilization

« Stabilization of two quads decrease their 3 o o
. 1 <(y, - y,)> with stabilization
relativeAY - \ — —
] ] _ - | .,\ <(y, -'y,)"> without stabilization
* butAY relative to neighboring not stabilized S~
quad increase 1 \/i
o/./
0.1+ —e—dL=16m, both stabilized
] ° —O—dL=16m, only one stabilized
dL=100m, only one stabilized
1 0. Modeling curve of inertial stabilization — - N
] . 1 10 F_ (H2) 100
08, Amplitude tab
0.6 Phase/n . - : .
F... (Hz)=10Hz * Inertial Stabilization of therelative
0.4 1 . .
0=3 1= (FIF) —ia(FIF.y) motion may be more approprlate
0.2-
0.0

T T gy e Ao



NLC - The Next Linear Collider Project

Further plans

Fast motion: amplitudes, correlation vs ground/rock
properties, noise sources; correlation vs discontinuities

Slow motion: mechanisms of diffusive motion; validity
of extrapolations; measurements

Cultural noises: classification of sources; attenuation,
damping, trapping in tunnel; measurements

Tunneling options. “A” vs construction technique,
understanding of tunnel geology, etc.

Anti-GM methods. inertial/optical anchors, etc.

Ground motion Workshop @ SLAC
~ October 2000 (dateto be adjusted)

A.Seryi



Luminosity Stabilisation

TESLA:
< 10% £ loss = <0.1¢ r.m.s. jitter
(Ingrid Reyzl)

NLC:
< 10% £ loss = <1 r.m.s. jitter
{Daniel Schulte)

= slow [0(10s)}] and fast [0(10-100)ns] FB systems
required for < £ > ~ 70% L
for ¢ > 10s
(Nick Walker)

Fast IP FB system:
= position correction (near IP)

angle correction {(entrance to CCS)
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Figure 1: Blockdiagram of feedback system.

Bretdenbach + Haller



Very Large Offset

100 —F Y '
a0 | :“V
m.
'?n.
— &0l
3 -
| ]
20 r 1
20r ; |
0 10 20 30 40 60 60 70 B0 B0 100
bunch number

fnitial offset A, = 1207

ITa6A

=> would need tube amplifier

increases luminosity from = 3%L, to 7T3% L




Determining the Gain

2 yumary T r r
t't o000
15F s P0G
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15 A L i L 1 i L L L
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Here, gain is
5 6
7~ 9o
¥ v

simplest model g is constant for each bunch
=> good value is g = 0.06




Collimation:
Machine protection(MPS)LI I [0 [ [ failure modes
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Backgrounds and Interaction region:
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Synchrotron Radiation
Source

DIAMOND
Machine
Parameters

Contents @ User Information for the new Source

Contents The present concept being pursued by the Accelerator Physics Group is to have several operating modes for DIAMOND. The lattice will be
—— commissioned with a conventional third generation light source optic with an emittance of about 5 nm rad and a lifetime of at least 10 hours.
Contacts Once commissioning is complete efforts will be made to move towards the Very Low Emittance Optic given in the table below. It is recognised
Machine Parameters that this mode will be difficult to operate at because of the reduced dynamic aperture. The lifetime is likely to suffer, as a result of the dynamic
Machine Performance || aperture reduction and it may be that top-up injection will be required for successful operation with this mode. The Accelerator Physics Group
Example Beamlines is currently studying novel techniques for producing low emittance lattices with large dynamic apertures. More details can be obtained from the
=Xampe BEAMANES | a¢colerator Physics Group or from the poster on display at this User Meeting.

Workshop Information|| The SRS source sizes vary somewhat depending on the position in the lattice and which wigglers are in operation. Typical sigma values are
Links 1mm horizontally and 0.14mm vertically. To obtain values of the full width at half maximum, multiply the sigma values by 2.35.

Diamond Home Page

XRS Diamond Pages | [Energy |[3GeV |
SRD Beamline Group || [Circumference [[407 m |
[ Lattice |[20 x DBA, 4 long straights |
[Max Iength for IDs [[16 x 4.5m ; 4 x 8m |
[Injection energy |[3GeV |
[ Maximum Beam current [[300 mA |
[ Minimum Emittance; h,v [[1.7,0.017 nm-rad |
| Minimum Source sizes and divergences. H,V (s) |
[ Short straight source size [[178, 5.0 mm |
[Short straight source divergence |[13.8, 3.4 mrad |
[Long straight source size [[171, 5.7 mm |
[ Long straight source divergence |[14.8, 3.0 mrad |
[ Bending magnet source size [[62.0, 16.1 mm |

For more information contact Mike Poole
E E

Last updated : 28th September 1999
] Please send any comments or suggestions to A.D.Smith

http://srs.dlac.uk/SRDBG/projects/diamond/Userinfo/MachParam.htm



Subject: interest in FFTB
Date: Thu, 13 Jul 2000 16:47:44 -0700 (PDT)
From: burrows@SLAC.Stanford. EDU
To: NICHOLAS.WALKER@DESY.DE,
DANIEL.SCHULTE@CERN.CH,
TOSHIAKI.TAUCHI@KEK.JP,
TWMARK@SLAC.Stanford.EDU

Dear Nick, Daniel, Tauchi-san and Tom,

Following on from the discussion at BDIR2000, this is a
polite reminder to one member of each regional group

to think about possible experiments at a revived FFTB:
Test of Raimondi optics

Achievement of 40 nm spots

beam-size monitor tests (eg laser wire?)

collimation system tests

beam halo measurements

+ 7?7777

We agreed to meet at LCWS2000 and have a discussion about
whether/how to take things further. 11l send a reminder
ahead of LCWS2000.

best wishes,

Phil

ma
ilb



The 22nd Advanced CFA Beam Dynamics
Workshop

on Ground Motion in Future Accelerators
November 6 - 9, 2000 SLAC
Coordinators: Andrei Seryi& Tor Raubenheimer

Goals
Review of the problems

Agenda

Reqistration
Committees

Location, Accommodations and Travel
Presentations

Workshop on Ground Motion in Future Accelerators

A workshop will be held at SLAC that will be devoted to ground motion and its
effects on future accelerators. Ground motion and vibration can be a limiting
effect in synchrotron light sources, hadron circular colliders, and
electron/positron linear colliders.

Over the last several years, there has been significant progress in the
understanding of the ground motion and its effects, however, there are still many
problems and questions which need to be resolved including measurement
techniques, classification of the motion, and modeling its effect on the
accelerator.

A dedicated Workshop will be useful to collect the data, resolve outstanding
issues, sharpen the contradictions, and outline further studies.

The Workshop will be primarily focused on the following problems:

® Measurements of ground motion: methods, accuracy, interpretation,
ongoing and suggested experiments.

® |Interpretation and classification of ground motion: fast/slow,
diffusive/systematic, etc.

® Modeling ground motion, methods to evaluate accelerator performance
in terms of ground motion.

® Beam independent methods to cure ground motion effects, including
passive damping, inertial stabilization, interferometry for stabilization,

etc.
® Tunnel construction techniques and their influence on ground motion
problems.

http://vwww-
project.slac.stanford.
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